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FIG. 13

1300

Inserting one or more injection needles through one or more injection needle
access regions of a wearable injection guide, the wearable injection guide
constructed of a rigid material formed to substantially conform in shape to a
topography of a body region of an individual, the one or more injection
needle access regions arranged in a treatment pattern

1310
Injecting at least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the individual
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FIG. 14

1300

Inserting one or more injection needles through one or more injection needle
access regions of a wearable injection guide, the wearable injection guide
constructed of a rigid material formed to substantially conform in shape to a
topography of a body region of an individual, the one or more injection
needle access regions arranged in a treatment pattern

|

1 1400

: Inserting the one or more injection needles through the one or more
: injection needle access regions at a 90 degree angle relative to the
] underlying tissue of the body region of the individual.

—_——e—e—eee e, e, e, e, — — — — — ——— — —— =)

___________________________________________‘

I 1410

: Inserting the one or more injection needles through the one or more
: injection needle access regions at less than a 90 degree angle

: relative to the underlying tissue of the body region of the individual.

1310
Injecting at least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the individual
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FIG. 15

.
1 1500

|
|
:Aligning one or more alignment marks on the wearable injection guide with :
'one or more reference points on the body region of the individual I

1510

[
|

: : Aligning the one or more alignment marks on the wearable injection

: : guide with one or more reference marks placed on a surface of the body
|

| region
| - - - -~ _-_ _-_ - _-_ _-_ - _-_ - _ _ _ _ _ - _ _ _ _ ___________________—_-_—_—_Z— |

-
11520
: Aligning the one or more alignment marks on the wearable injection

I'guide with one or more topographical landmarks of the body region

:one or more of a pigmentation, pigmented area, a skin texture pattern,

|
|
|
I a tattoo, a subsurface blood vessel, an anatomical feature, an eye, :
I NOse, or lips :
|

1300

Inserting one or more injection needles through one or more injection needle
access regions of a wearable injection guide, the wearable injection guide
constructed of a rigid material formed to substantially conform in shape to a
topography of a body region of an individual, the one or more injection
needle access regions arranged in a treatment pattern

1310
Injecting at least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the individual
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FIG. 16
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11600
: Immobilizing the wearable injection guide on the body region of the
: individual
1610 1620 |

|

| Adhering the wearable i
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| region of the individual with | 1 region of the individual with |

| a reversible adhesive : : one or more body portion- :
: : encircling pieces :
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1300

Inserting one or more injection needles through one or more injection needle
access regions of a wearable injection guide, the wearable injection guide
constructed of a rigid material formed to substantially conform in shape to a
topography of a body region of an individual, the one or more injection
needle access regions arranged in a treatment pattern

1310
Injecting at least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the individual
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FIG. 17

1300

Inserting one or more injection needles through one or more injection needle access
regions of a wearable injection guide, the wearable injection guide constructed of a
rigid material formed to substantially conform in shape to a topography of a body
region of an individual, the one or more injection needle access regions arranged in
a treatment pattern

1310
Injecting at least one injectable agent through the one or more injection needles into
an underlying tissue of the body region of the individual

—_————ee—— e e —

: Injecting the at least one injectable agent through the one or more injection

: needles into one or more of epidermis, papillary dermis, reticular dermis,

| subcutis, or muscle of the underlying tissue of the body region of the individual
|

: Injecting the at least one injectable agent through the one or more injection

: needles into the underlying tissue of one or more of a forehead, a glabella, a

( periorbital region, an auricular region, an ear, a cheek, a lip, a nasolabial fold,
:a labial region, a perilabial region, a sublabial region, a labiomental crease, or
: a neck region of the individual.
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FIG. 18

1300

Inserting one or more injection needles through one or more injection needle access
regions of a wearable injection guide, the wearable injection guide constructed of a
rigid material formed to substantially conform in shape to a topography of a body
region of an individual, the one or more injection needle access regions arranged in
a treatment pattern

1310
Injecting at least one injectable agent through the one or more injection needles into
an underlying tissue of the body region of the individual
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|
: Injecting at least one of insulin, antibiotic, hormone, chemotherapeutic, or I
| biological agent |

| 11860 '
! ; Using the wearable injection guide with at least one injectable agent to treat one or :
I more conditions including one or more of a cosmetic disorder, a cosmetic need, a :

paln disorder, a blood vessel disorder, a microbial infection, an inflammatory :
' disorder, an endocrine disorder, a neurological disorder, a muscle disorder, a skin 1
I disorder, a fertility disorder, cancer, or a vitamin deficiency :
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FIG. 19

: Altering the temperature of the wearable injection guide to a temperature
: above or below about 98.6 degrees Fahrenheit

1300

Inserting one or more injection needles through one or more injection needle
access regions of a wearable injection guide, the wearable injection guide
constructed of a rigid material formed to substantially conform in shape to a
topography of a body region of an individual, the one or more injection
needle access regions arranged in a treatment pattern

1310
Injecting at least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the individual
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FIG. 20

2000

Aligning one or more alignment marks of a wearable injection guide with one or more
reference points on a body region of an individual, the wearable injection guide including a
rigid needle-penetrable material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conforming to the topography of the
body region of the individual and the outer surface having one or more fiducials indicative
of at least one treatment parameter

2010
Immobilizing the wearable injection guide on the body region of the individual

2020
Inserting one or more injection needles through the rigid needle-penetrable material of the
wearable injection guide at or near the one or more fiducials

2030
Injecting at least one injectable agent through the one or more injection needles into an
underlying tissue of the body region of the individual
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FIG. 21

i2100 i
: Deploying the wearable injection guide onto the body region of the individual :
‘- ____. . _____. ___________
L 12110 | 12120 1: 12130 1: 12140 1: l
! |Face || Torso | | Abdomen | |Head | |
| ___________ d o —_— d o —— d o ——— 4 I

_______________________________________________ !
| 12150 | 12160 | 12170 112180 o
| Neck ______ | (Upperextremity | Lowerextremity | Buttocksarea | )
b __ T |
2000

Aligning one or more alignment marks of a wearable injection guide with one or more
reference points on a body region of an individual, the wearable injection guide including a
rigid needle-penetrable material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conforming to the topography of the
body region of the individual and the outer surface having one or more fiducials indicative
of at least one treatment parameter

|
2010

Immobilizing the wearable injection guide on the body region of the individual

2020
Inserting one or more injection needles through the rigid needle-penetrable material of the
wearable injection guide at or near the one or more fiducials

|
2030
Injecting at least one injectable agent through the one or more injection needles into an
underlying tissue of the body region of the individual
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FIG. 22

2000

Aligning one or more alignment marks of a wearable injection guide with one or more
reference points on a body region of an individual, the wearable injection guide including a
rigid needle-penetrable material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conforming to the topography of the
body region of the individual and the outer surface having one or more fiducials indicative
of at least one treatment parameter

[T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e e 1
|

2210 |
: Aligning the one or more alignment marks of the wearable injection guide :
l'with one or more pigmentation, pigmented area, skin texture pattern, tattoo, :
I blemish, scar, anatomical feature, or subsurface blood vessel of at least a :

|
|

|
|
|
|
[
[
|
|
|
[
[
|
|
:
: : potion of the body region of the individual
|

|

|

|

2010
Immaobilizing the wearable injection guide on the body region of the individual

2020
Inserting one or more injection needles through the rigid needle-penetrable material of the
wearable injection guide at or near the one or more fiducials

2030
Injecting at least one injectable agent through the one or more injection needle into an
underlying tissue of the body region of the individual

)
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FIG. 23

2000

Aligning one or more alignment marks of a wearable injection guide with one or more
reference points on a body region of an individual, the wearable injection guide including a
rigid needle-penetrable material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conforming to the topography of the
body region of the individual and the outer surface having one or more fiducials indicative
of at least one {reatment parameter

2010
Immobilizing the wearable injection guide on the body region of the individual

2020
Inserting one or more injection needles through the rigid needle-penetrable material of the
wearable injection guide at or near the one or more fiducials

2300

: Inserting the one or more injection needles through the rigid needle-penetrable material
:of the wearable injection guide to a stop point

230 AP R w0 2360 |
| Defined by the | | Defined by a | Defined by a | Defined by a

I'structural feature
1 of the one or
| more injection

: needles

Ilength of the one
1or more injection

I'outer surface of
1 the wearable
| injection guide

I'preferred depth
1 of injection into
:the underlying
I'tissue of the

1 body region of

| the individual

2030
Injecting at least one injectable agent through the one or more injection needle into an
underlying portion of the skin surface area of the individual
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FIG. 24

2000

Aligning one or more alignment marks of a wearable injection guide with one or more
reference points on a body region of an individual, the wearable injection guide including a
rigid needle-penetrable material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conforming to the topography of the
body region of the individual and the outer surface having one or more fiducials indicative
of at least one treatment parameter

2010

Immobilizing the wearable injection guide on the body region of the individual
|

2020
Inserting one or more injection needles through the rigid needle-penetrable material of the
wearable injection guide at or near the one or more fiducials

2030
Injecting at least one injectable agent through the one or more injection needles into an
underlying tissue of the body region of the individual

: Injecting the at least | : Injecting the at least H Injecting the at least |: Injecting the at least :
:one injectable agent !' one injectable agent ::one injectable agent : : one injectable agent !

I . ;
I into epidermis : |into papillary dermis :: into reticular dermis ': into subcutis :
|
I I |

: Injecting the at least one injectable agent through the one or more injection needles into
: an underlying tissue of one or more of a forehead, a glabella, a periorbital region, an

| auricular region, an ear, a cheek, a lip, a nasolabial fold, a labial region, a perilabial

l region, a sublabial region, a labiomental crease, or a neck region of the individual
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FIG. 25

2000

Aligning one or more alignment marks of a wearable injection guide with one or more
reference points on a body region of an individual, the wearable injection guide including a
rigid needle-penetrable material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conforming to the topography of the
body region of the individual and the outer surface having one or more fiducials indicative
of at least one treatment parameter

2010
Immobilizing the wearable injection guide on the body region of the individual

2020
Inserting one or more injection needles through the rigid needle-penetrable material of the
wearable injection guide at or near the one or more fiducials

2030
Injecting at least one injectable agent through the one or more injection needle into an
underlying tissue of the body region of the individual

[o—————m e
|

2500 I
: Injecting at least one neurotoxin :
e e — — J
_______________________________________________________ |
12510
: Injecting at least one of a subcutaneous volume enhancer or a dermal filler |
__________________________________________________ |
[ 2520 | 2530 2540

Lof a collagen filler :of a hyaluronic acid I fibroblasts, calcium microspheres,

I | I
I | I
: Injecting at least one : : Injecting at least one : : Injecting at least one of adipose, :
: | :
| | |

I 1 filler 1or poly L lactic acid |
l_-—-———————-—-——-—-——- t--c-=---—=-—=-—=-—=-—=-—-—-— -~~~ "~~~ -~ —_
| 2550 |
: Injecting at least one of insulin, antibiotic, hormone, chemotherapeutic, or biological [
lagent :




U.S. Patent Dec. 1, 2015 Sheet 26 of 44 US 9,199,044 B2

FIG. 26

|
|
:Altering the temperature of the wearable injection guide to a temperature above or below :
: about 98.6 degrees Fahrenheit |

2000

Aligning one or more alignment marks of a wearable injection guide with one or more
reference points on a body region of an individual, the wearable injection guide including a
rigid needle-penetrable material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conforming to the topography of the
body region of the individual and the outer surface having one or more fiducials indicative
of at least one treatment parameter

2610

|
:Verifying with one or more patient identifiers that the wearable injection guide is :
: appropriate for use with the individual :

2010
Immobilizing the wearable injection guide on the body region of the individual

2020
Inserting one or more injection needles through the rigid needle-penetrable material of the
wearable injection guide at or near the one or more fiducials

2030
Injecting at least one injectable agent through the one or more injection needle into an
underlying tissue of the body region of the individual
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FIG. 27

2700
Acquiring one or more digital images of a body region of the individual

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 28

2700
Acquiring one or more digital images of a body region of the individual

|
|
:Acquiring one or more digital images of a topography of the body region of the :
individual |

|
l

I areas, tattoos, skin texture pattern, blemishes, scars, anatomical features, or
( subsurface blood vessels associated with the body region
|

|
| |
: : Acquiring one or more digital images of one or more pigmentation, pigmented :
|
| |
I |
|
|

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

|
2730
Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide




U.S. Patent Dec. 1, 2015 Sheet 29 of 44 US 9,199,044 B2

FIG. 29

2700
Acquiring one or more digital images of a body region of an individual

|
: Acquiring the one or more digital images with at least one of an active scanner or a :
|

: passive scanner |

|
:Acquiring the one or more digital images with one or more of an ultrasound device, a :
: photoacoustic device, a thermal imaging device, a contact scanning device, a :
I magnetic resonance imaging device, a computed tomography device, a capacitance |
: measuring device, an electromyographic device, or other biomedical imaging device :

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

|
2730
Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 30

2700
Acquiring one or more digital images of a body region of the individual

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual
|— _____________________________________________________ h
13000
l Creating the digitally rendered model of the wearable injection guide from the one or
'more digital images using one or more three-dimensional modeling algorithms

: Using one or more non- : Using one or more

| |

| |

: Using one or more : :
: uniform rational basis :computer aided design
| |

| |

| |

| |

|
[
:
|
! | polygonal mesh three-
|
|
|
[

|
|
|
I dimensional modeling : I spline surface modeling |, 1 modeling algorithms
: algorithms : : algorithms :
e — e — e o |
2720

Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 31

2700
Acquiring one or more digital images of a body region of the individual

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment parameter to the
digitally rendered model of the wearable injection guide

|l rendered fiducials in a treatment pattern

: ! specific to the individual

I'fiducials in a treatment pattern that is part of a

.
I
:Adding the one or more digitally rendered :
I
I
I treatment regimen :
)

50 I
13100 |
: Adding the one or more digitally rendered fiducials in a treatment pattern :
S M |
113110 i 13120 !
I:Adding the one or more digitally :
|
|
|
|

13160
| Adding one or more
: digitally rendered

| fiducials indicative of at
|

13150
| Adding one or more
:digitally rendered

| fiducials indicative of
J

13130

| Adding one or more
| digitally rendered

1 fiducials indicative

| of at least one , of at least one ) at least one needle | least one needle
|injectable agentto | | dosage of at least |injection angle for the I {injection depth for at

|
| I | I
| | | |
| | | |
| I | |
| I | I
| I | I
| | | |
| I | |
| I | I
| | |
1 be injected at the : 10ne injectable agent: 1 at least one injectable : | least one injectable :
| I : I
| I | I
| | | |
| I | |
| I | I
| I | I
| | | |
| | |
| I : [

; Adding one or more
:digitally rendered

| fiducials indicative
|

| corresponding one | | ' | agent to be injected at

o be injected at the | | agent to be injected at
I'or more fiducials on : corresponding one :the corresponding I'the corresponding one

1 the formed 1or more fiducials on 11 one or more fiducials | 1 or more fiducials on the
| wearable injection | | the formed | on the formed | formed wearable
: guide :wearable injection :wearable injection : injection guide
L iquide_________| \quide___________ | ____!
[
2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 32

2700
Acquiring one or more digital images of a body of the individual

2710

Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body of the individual

2720

Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

13200 210

:Adding the one or more digitally :Adding the one or more digitally

: rendered fiducials indicative of the at I'rendered fiducials automatically based

I least one treatment parameter from a 1on computational analysis of the

| database of stored treatment | acquired one or more digital images of
parameters

I'the body region

|
g I s J

I
|
| Adding the one or more digitally rendered fiducials indicative of the at least one !
:treatment parameter with a user input device :

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 33

2700
Acquiring one or more digital images of a body region of an individual

2710
Creating a digitally-rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

300

: Developing a treatment regimen specific to the individual based on computational analysis
 of the one or more digital images of the body region of the individual, the treatment
(regimen including at least on treatment parameter, the at least one treatment parameter

: represented by one or more digitally rendered fiducials on the digitally rendered model of

: the wearable injection guide

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 34

2700
Acquiring one or more digital images of a body region of the individual

: least one first expression state and the at least one second expression state to determine
| a treatment regimen

S

2710

Creating a digitally-rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

|
|
: Comparing the one or more digital images of the body region of the individual in the at :
|
|

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

3420

|
|
: Adding one or more digitally rendered fiducials to the digitally rendered model of the !
:wearable injection guide based on the treatment regimen, the digitally rendered model |
| of the wearable injection guide created from the one or more digital images of the :
: body region of the individual in the at least one first expression state or the at least :

|

lone second expressionstate

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 35

2700
Acquiring one or more digital images of a body region of the individual

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

[

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

|
|
: Adding one or more digitally rendered alignment marks to the digitally rendered model of |
I'the wearable injection guide :

: X
|
: : Digitally overlaying the one or more digitally rendered alignment marks on the digitally : :
I 'rendered model of the wearable injection guide with one or more reference points | :
: (identified in the one or more digital images of the body region of the individual : :
1! I

| |

13520

|
|
|
: : Adding the one or more digitally rendered injection needle access regions proximal to
|
|
|

I'or coincident with at least one of the one or more digitally rendered fiducials indicative
( of at least one treatment parameter

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide
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FIG. 36

2700
Acquiring one or more digital images of a body region of the individual

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide

| Forming the wearable injection guide from the digitally rendered model of the wearable
| injection guide using one or more of an additive manufacturing process or a subtractive

I manufacturing process
e e e e e e — = -

13610 | 13620 | 13630 |
| Forming the wearable : | Forming the wearable : | Forming the wearable :
l'injection guide using I 1injection guide using | linjection guide using |
1 stereolithography : 1 laser scintering : I three-dimensional :
| L || printing !
e e e D e 4 e - J

-
1 3640
: Forming the wearable injection guide from one or more of acrylic, nylon, plastic, resin,

:ceramic, rubber, epoxy, thermoplastic, photopolymer, polyurethane, latex, or silicone

|
1 3650

: Forming a three-dimensional mold surface from the digitally rendered model of the
:wearable injection guide and using the three-dimensional mold surface with a moldable
I material to generate the formed wearable injection guide

|
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FIG. 37

2700

Acquiring one or more digital images of a body region of the individual
I

2710
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

2720
Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered model of the wearable injection guide

2730

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally rendered model of the
wearable injection guide

3700

: Coating at least a portion of one or more surfaces of the formed wearable injection guide

:with at least one agent !
B
13710

| |
I I
: : Coating at least a portion of one or more surfaces of the formed wearable injection :

|
l |

: guide with at least one of an analgesic, disinfectant, antiseptic, sterilant, or
| therapeutic agent

I
Fmmmmm e
13720
:Adding one or more activatable injection event indicators to the formed wearable injection
: guide
[r~-—-——-————7™"~*—~~>™""™"*™f™""™Yf"™""™f"™"""™""™"""™""*™"Yf"™""™Yf"™"""™"f"™"""™"™""™"""™"™"""™"™""™>"™"""™""™"™""™"™""~*>"™"~>"™>"™""™""™""™""™"""=>="=—+ 1
13730
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FIG. 38

2700
Acquiring one or more digital images of a skin surface area of the individual

2710
Creating a digitally-rendered model of the wearable injection guide from the one or more
digital images of the skin surface area of the individual

|

2720
Adding one or more digitally-rendered fiducials indicative of at least one treatment
parameter to the digitally-rendered model of the wearable injection guide

2730

Forming the wearable injection guide from the digitally-rendered model of the wearable
injection guide, the formed wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or more fiducials corresponding
to the one or more digitally-rendered fiducials on the digitally-rendered model of the
wearable injection guide

|- - - - - - - " """ -"~"-"“"¥“”"¥”“"¥"”"¥"”="¥"”"¥"“"¥"”"/"¥"”=/—"¥”7/-¥”"”""=”""= I_ ___________________________ 1
13800
:Adding an immobilizing means to the formed wearable injection guide
1
13810

|
: Adding at least one of an adhesive or a body portion-encircling piece to the formed :
| wearable injection guide |

=== R
13820 I
| Adding a thermal-regulating mechanism to the formed wearable injection guide |
| |
e ___
13830

|
|
:Adding one or more of a barcode or radiofrequency identification tag to the wearable :
| injection guide I
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FIG. 39

3900
Acquiring one or more digital images of a body region of the individual

3910
Creating a digitally rendered model of the wearable injection guide from the one or more
digital images of the body region of the individual

3920
Adding one or more digitally rendered injection needle access regions in a treatment
pattern to the digitally rendered model of the wearable injection guide

3930

Forming the wearable injection guide from the digitally rendered model of the wearable
injection guide, the formed wearable injection guide including one or more injection needle
access regions, the one or more injection needle access regions corresponding to the one
or more digitally rendered injection needle access regions on the digitally rendered model
of the wearable injection guide
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FIG. 40

4000
Acquiring one or more digital images of a body region of the individual

4010
Creating a digitally rendered three-dimensional mold surface model of the body region

4020
Developing a treatment regimen specific to the individual based on analysis of the digitally
rendered three-dimensional surface model of the body region of the individual

4030

Adding one or more digitally rendered fiducials indicative of at least one treatment
parameter to the digitally rendered three-dimensional surface model of the body region,
the at least one treatment parameter a component of the treatment regimen specific to the
individual

4040

Printing the one or more digitally rendered fiducials indicative of the at least one treatment
parameter onto a surface of a preformed wearable injection guide, the preformed wearable
injection guide configured to cover at least a portion of the body region of the individual
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FIG. 42
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FIG. 43

4300 An article of manufacture

4310

Non-transitory machine readable media bearing one or more instructions for generating
a wearable injection guide for administering an injectable agent to an individual, the one
or more instructions including:

4320
One or more instructions for controlling acquisition of one or more digital images of
a body region of the individual with at least one image capture device

4330

One or more instructions for receiving one or more output signals having
information associated with the one or more digital images of the body region
acquired by the at least one image capture device

4340

One or more instructions for creating a digitally-rendered model of the wearable
injection guide from the one or more digital images of the body region of the
individual

4350
One or more instructions for generating a treatment regimen for the individual
based on the one or more digital images of the body region

4360

One of more instructions for adding one or more digitally rendered fiducials
indicative of at least one treatment parameter of the treatment regimen to the
digitally rendered model of the wearable injection guide

4370

One or more instructions for generating one or more model output signals having
information for manufacturing the wearable injection guide from the digitally
rendered model of the wearable injection guide
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1
DEVICES AND METHODS FOR WEARABLE
INJECTION GUIDES

RELATED APPLICATIONS

For purposes of the USPTO extra-statutory requirements,
the present application constitutes a continuation-in-part of
U.S. patent application Ser. No. 13/567,995, entitled
DEVICES AND METHODS FOR WEARABLE INJEC-
TION GUIDES, naming Mahalaxmi Gita Bangera, Edward
S. Boyden, Gregory J. Della Rocca, Daniel Hawkins, Roder-
ick A. Hyde, Muriel Y. Ishikawa, Jordin T. Kare, Robert
Lancer, Eric C. Leuthardt, Stephen L. Malaska, Parac Jitendra
Parikh, Terence Myckatyn, Elizabeth A. Sweeney, Michael
Smith, Clarence T. Tecreene, Sharon L. Wolda, and Lowell L.
Wood, Ir. as inventors, filed 6 Aug. 2012, which is currently
co-pending or is an application of which a currently co-
pending application is entitled to the benefit of the filing date.

For purposes of the USPTO extra-statutory requirements,
the present application constitutes a continuation-in-part of
U.S. patent application Ser. No. 13/568,033, entitled SYS-
TEMS AND METHODS FOR WEARABLE INJECTION
GUIDES, naming Mahalaxmi Gita Bangera, Edward S. Boy-
den, Gregory J. Della Rocca, Daniel Hawkins, Roderick A.
Hyde, Muriel Y. Ishikawa, Jordin T. Kare, Robert Lancer, Eric
C. Leuthardt, Stephen L. Malaska, Parag Jitendra Parikh,
Terence Myckatyn, Elizabeth A. Sweeney, Michael Smith,
Clarence T. Tecreene, Sharon L. Wolda, and Lowell L. Wood,
Jr. as inventors, filed 6 Aug. 2012, which is currently co-
pending or is an application of which a currently co-pending
application is entitled to the benefit of the filing date.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to and claims the benefit
of the earliest available eftective filing date(s) from the fol-
lowing listed application(s) (the “Related Applications™)
(e.g., claims earliest available priority dates for other than
provisional patent applications or claims benefits under 35
USC §119(e) for provisional patent applications, for any and
all parent, grandparent, great-grandparent, etc. applications
of the Related Application(s)). All subject matter of the
Related Applications and of any and all parent, grandparent,
great-grandparent, etc. applications of the Related Applica-
tions, including any priority claims, is incorporated herein by
reference to the extent such subject matter is not inconsistent
herewith.

The United States Patent Office (USPTO) has published a
notice to the effect that the USPTO’s computer programs
require that patent applicants reference both a serial number
and indicate whether an application is a continuation, con-
tinuation-in-part, or divisional of a parent application.
Stephen G. Kunin, Benefit of Prior-Filed Application,
USPTO Official Gazette Mar. 18, 2003. The present Appli-
cant Entity (hereinafter “Applicant”) has provided above a
specific reference to the application(s) from which priority is
being claimed as recited by statute. Applicant understands
that the statute is unambiguous in its specific reference lan-
guage and does not require either a serial number or any
characterization, such as “continuation” or “continuation-in-
part,” for claiming priority to U.S. patent applications. Not-
withstanding the foregoing, Applicant understands that the
USPTO’s computer programs have certain data entry require-
ments, and hence Applicant has provided designation(s) of a
relationship between the present application and its parent
application(s) as set forth above, but expressly points out that
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such designation(s) are not to be construed in any way as any
type of commentary and/or admission as to whether or not the
present application contains any new matter in addition to the
matter of its parent application(s).

SUMMARY

In an aspect, a wearable injection guide includes, but is not
limited to: a rigid material formed to substantially conform in
shape to a topography of a body region of an individual, the
rigid material substantially impenetrable to an injection
needle, and the rigid material including one or more injection
needle access regions arranged in a treatment pattern. In
addition to the foregoing, other device aspects are described
in the claims, drawings, and text forming a part of the present
disclosure.

In an aspect, a method of administering an injection treat-
ment to a skin region includes, but is not limited to: inserting
one or more injection needles through one or injection needle
access regions of a wearable injection guide, the wearable
injection guide constructed of a rigid material formed to
substantially conform in shape to a topography of a body
region of an individual, the one or more injection needle
access regions arranged in a treatment pattern; and injecting
at least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the
individual. In addition to the foregoing, other method aspects
are described in the claims, drawings, and text forming a part
of the present disclosure.

In an aspect, a wearable injection guide includes, but is not
limited to: a rigid material substantially impenetrable to an
injection needle, the rigid material including one or more
injection needle access regions arranged in a treatment pat-
tern, the one or more injection needle access regions includ-
ing one or more activatable injection event indicators. In
addition to the foregoing, other device aspects are described
in the claims, drawings, and text forming a part of the present
disclosure.

In an aspect, a wearable injection guide includes, but is not
limited to: a rigid needle-penetrable material having an inner
surface and an outer surface, the inner surface having form-
fitting contours substantially conforming to a topography of a
body region of an individual and the outer surface including
one or more fiducials indicative of at least one treatment
parameter. In addition to the foregoing, other device aspects
are described in the claims, drawings, and text forming a part
of the present disclosure.

In an aspect, a method of administering an injection treat-
ment to an individual includes, but is not limited to: aligning
one or more alignment marks of a wearable injection guide
with one or more reference points on a body region of an
individual, the wearable injection guide including a rigid
needle-penetrable material with an inner surface and an outer
surface, the inner surface having a form fitting contour sub-
stantially conforming to the topography of the body region of
the individual and the outer surface having one or more fidu-
cials indicative of at least one treatment parameter; immobi-
lizing the wearable injection guide on the body region of the
individual; inserting one or more injection needles through
the rigid needle-penetrable material of the wearable injection
guide at or near the one or more fiducials; and injecting at
least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the
individual. In addition to the foregoing, other method aspects
are described in the claims, drawings, and text forming a part
of the present disclosure.
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In an aspect, a wearable injection guide includes, but is not
limited to: a needle-penetrable material having an inner sur-
face, an outer surface, and one or more activatable injection
event indicators, the inner surface having form-fitting con-
tours substantially conforming to a topography of a body
region of an individual and the outer surface including one or
more fiducials indicative of at least one treatment parameter.
In addition to the foregoing, other device aspects are
described in the claims, drawings, and text forming a part of
the present disclosure.

In an aspect, a method of generating a wearable injection
guide for an individual includes, but is not limited to: acquir-
ing one or more digital images of a body region of the indi-
vidual; creating a digitally rendered model of the wearable
injection guide from the one or more digital images of the
body region of the individual; adding one or more digitally
rendered fiducials indicative of at least one treatment param-
eter to the digitally rendered model of the wearable injection
guide; and forming the wearable injection guide from the
digitally rendered model of the wearable injection guide, the
formed wearable injection guide including one or more fidu-
cials indicative of the at least one treatment parameter, the one
or more fiducials corresponding to the one or more digitally
rendered fiducials on the digitally rendered model of the
wearable injection guide. In addition to the foregoing, other
method aspects are described in the claims, drawings, and text
forming a part of the present disclosure.

In an aspect, a method of generating a wearable injection
guide for an individual includes, but is not limited to: acquir-
ing one or more digital images of a body region of the indi-
vidual; creating a digitally rendered model of the wearable
injection guide from the one or more digital images of the
body region of the individuals; adding one or more digitally
rendered injection needle access regions in a treatment pat-
tern to the digitally rendered model of the wearable injection
guide; and forming the wearable injection guide from the
digitally rendered model of the wearable injection guide, the
formed wearable injection guide including one or more injec-
tion needle access regions, the one or more injection needle
access regions corresponding to the one or more digitally
rendered injection needle access regions on the digitally ren-
dered model ofthe wearable injection guide. In addition to the
foregoing, other method aspects are described in the claims,
drawings, and text forming a part of the present disclosure.

In an aspect, a method of generating a wearable injection
guide for an individual includes, but is not limited to: acquir-
ing one or more digital images of a body region of the indi-
vidual; creating a digitally rendered three-dimensional sur-
face model of the body region; developing a treatment
regimen specific to the individual based on analysis of the
digitally rendered three-dimensional surface model of the
body region of the individual; adding one or more digitally
rendered fiducials indicative of at least one treatment param-
eter to the digitally rendered three-dimensional surface model
of the body region, the at least one treatment parameter a
component of the treatment regimen specific to the indi-
vidual; and printing the one or more digitally rendered fidu-
cials indicative of the at one treatment parameter onto a sur-
face of a preformed wearable injection guide, the preformed
wearable injection guide configured to cover at least a portion
of the body region of the individual. In addition to the fore-
going, other method aspects are described in the claims,
drawings, and text forming a part of the present disclosure.

In an aspect, a system for generating a wearable injection
guide for an individual includes, but is not limited to: at least
one image capture device configured to acquire one or more
digital images of a body region of an individual and to trans-
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mit one or more output signals having information associated
with the one or more digital images; a computing device
operably linked to the at least one image capture device
including non-transitory machine readable media bearing one
or more instructions for generating the wearable injection
guide from the one or more digital images of the body region
of the individual, the one or more instructions including one
or more instructions for controlling one or more functions of
the atleast one image capture device; one or more instructions
for receiving the one or more output signals having informa-
tion associated with the one or more digital images from the
atleast one image capture device; one or more instructions for
creating a digitally rendered model of the wearable injection
guide from the one or more digital images of the body region
of the individual; one or more instructions for adding one or
more fiducials indicative of at least one treatment parameter
to the digitally rendered model of the wearable injection
guide; and one or more instructions for generating one or
more model output signals having information for forming
the wearable injection guide from the digitally rendered
model of the wearable injection guide; and a manufacturing
device configured to receive the one or more model output
signals from the computing device and to form the wearable
injection guide from the digitally rendered model of the wear-
able injection guide, the formed wearable injection guide
including one or more fiducials indicative of the at least one
treatment parameter, the one or more fiducials corresponding
to the one or more digitally rendered fiducials on the digitally
rendered model of the wearable injection guide. In addition to
the foregoing, other system aspects are described in the
claims, drawings, and text forming a part of the present dis-
closure.

In an aspect, an article of manufacture includes, but is not
limited to: non-transitory machine readable media bearing
one or more instructions for generating a wearable injection
guide for administering an injectable agent to an individual,
the one or more instructions including: one or more instruc-
tions for controlling acquisition of one or more digital images
of a body region of the individual with at least one image
capture device; one or more instructions for receiving one or
more output signals having information associated with the
one or more digital images from the at least one image capture
device; one or more instructions for creating a digitally ren-
dered model of the wearable injection guide from the one or
more digital images of the body region of the individual; one
or more instructions for generating a treatment regimen for
the individual based on the one or more digital images of the
body region; one or more instructions for adding one or more
digitally rendered fiducials indicative of at least one treatment
parameter of the treatment regimen to the digitally rendered
model of the wearable injection guide; and one or more
instructions for generating one or more model output signals
having information for manufacturing the wearable injection
guide from the digitally rendered model of the wearable
injection guide. In addition to the foregoing, other article of
manufacture aspects are described in the claims, drawings,
and text forming a part of the present disclosure.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a schematic of a wearable injection guide on a
face of an individual.
FIG. 1B is a schematic of an injection needle.
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FIG. 2 is a schematic of a wearable injection guide on an
abdominal region of an individual.

FIG. 3A is a schematic of a cross-section through a wear-
able injection guide on a body region.

FIG. 3B is a schematic of a cross-section through a wear-
able injection guide and tissue layers.

FIG. 41s a schematic of a wearable injection guide ona face
of an individual.

FIG. 5A is a schematic of a cross-section through a wear-
able injection guide with one or more injection needles.

FIG. 5B is a schematic of a cross-section through a wear-
able injection guide with one or more injection needles.

FIG. 5C is a schematic of a cross-section through a wear-
able injection guide with one or more injection needles.

FIG. 6A is a schematic of a cross-section through a wear-
able injection guide with an agent.

FIG. 6B is a schematic of a cross-section through a wear-
able injection guide with an agent.

FIG. 6C is a schematic of a cross-section through a wear-
able injection guide with an injection needle with an agent.

FIG. 6D is a schematic of a cross-section through a wear-
able injection guide with an injection needle with an agent.

FIG.7is aschematic of a wearable injection guide ona face
of an individual.

FIG. 8 is a schematic of a wearable injection guide with
activatable injection event indicators.

FIG. 9A is a schematic of a cross-section through a wear-
able injection guide prior to insertion of an injection needle.

FIG. 9B is a schematic of a cross-section through a wear-
able injection guide during insertion of an injection needle.

FIG. 9C is a schematic of a cross-section through a wear-
able injection guide after insertion of an injection needle.

FIG. 10A is a schematic of a cross-section through a wear-
able injection guide prior to insertion of an injection needle.

FIG. 10B is a schematic of a cross-section through a wear-
able injection guide during insertion of an injection needle.

FIG. 10C is a schematic of a cross-section through a wear-
able injection guide after insertion of an injection needle.

FIG. 11A is a schematic of a cross-section through a wear-
able injection guide prior to insertion of an injection needle.

FIG. 11B is a schematic of a cross-section through a wear-
able injection guide during insertion of an injection needle.

FIG. 11C is a schematic of a cross-section through a wear-
able injection guide after insertion of an injection needle.

FIG. 12A is a schematic of a cross-section through a wear-
able injection guide prior to insertion of an injection needle.

FIG. 12B is a schematic of a cross-section through a wear-
able injection guide during insertion of an injection needle.

FIG. 12C is a schematic of a cross-section through a wear-
able injection guide after insertion of an injection needle.

FIG. 13 is a flowchart of a method of administering an
injection treatment.

FIG. 14 is a flowchart illustrating aspects of a method such
as shown in FIG. 13.

FIG. 15 is a flowchart showing aspects of a method such as
depicted in FIG. 13.

FIG.16is a flowchart depicting aspects of amethod such as
illustrated in FIG. 13.

FIG. 17 is a flowchart illustrating aspects of a method such
as shown in FIG. 13.

FIG. 18 is a flowchart showing aspects of a method such as
depicted in FIG. 13.

FIG. 19 is a flowchart depicting aspects of amethod such as
illustrated in FIG. 13.

FIG. 20 is a flowchart of a method of administering an
injection treatment.
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FIG. 21 is a flowchart illustrating aspects of a method such
as shown in FIG. 20.

FIG. 22 is a flowchart showing aspects of a method such as
depicted in FIG. 20.

FIG. 23 is a flowchart depicting aspects of amethod such as
illustrated in FIG. 20.

FIG. 24 is a flowchart illustrating aspects of a method such
as shown in FIG. 20.

FIG. 25 is a flowchart showing aspects of a method such as
depicted in FIG. 20.

FIG. 26 is a flowchart depicting aspects of amethod such as
illustrated in FIG. 20.

FIG. 27 is a flowchart of a method of generating a wearable
injection guide.

FIG. 28 is a flowchart illustrating aspects of a method such
as shown in FIG. 27.

FIG. 29 is a flowchart showing aspects of a method such as
depicted in FIG. 27.

FIG. 30 is a flowchart depicting aspects of amethod such as
illustrated in FIG. 27.

FIG. 31 is a flowchart illustrating aspects of a method such
as shown in FIG. 27.

FIG. 32 is a flowchart showing aspects of a method such as
depicted in FIG. 27.

FIG. 33 is a flowchart depicting aspects of amethod such as
illustrated in FIG. 27.

FIG. 34 is a flowchart illustrating aspects of a method such
as shown in FIG. 27.

FIG. 35 is a flowchart showing aspects of a method such as
depicted in FIG. 27.

FIG. 36 is a flowchart depicting aspects of amethod such as
illustrated in FIG. 27.

FIG. 37 is a flowchart illustrating aspects of a method such
as shown in FIG. 27.

FIG. 38 is a flowchart illustrating aspects of a method such
as shown in FIG. 27.

FIG. 39 is a flowchart of a method of generating a wearable
injection guide.

FIG. 40 is a flowchart of a method of generating a wearable
injection guide.

FIG. 41 is a schematic of a system for generating a wear-
able injection guide

FIG. 42 is a schematic showing aspects of a system such as
that depicted in FIG. 41.

FIG. 43 is a schematic of an article of manufacture.

FIG. 44 is a schematic of a wearable injection guide.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description and draw-
ings are not meant to be limiting. Other embodiments may be
utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented here.

A wearable injection guide is described for guiding injec-
tion of one or more injection needles containing at least one
injectable agent into a body region of an individual for treat-
ment of one or more conditions. A wearable injection guide
can be configured for deployment on any of a number of body
regions of an individual including but not limited to the face,
torso, abdomen, head, neck, upper extremity, lower, extrem-
ity, buttocks, or any other body region assessable for needle
injection. A wearable injection guide can be used for guiding
injection of injectable agents used to treat any of a number of
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conditions including but not limited to a cosmetic condition
(e.g., wrinkles, sagging skin), pain (e.g., migraine), neuro-
logical disorders (e.g., idiopathic neuropathy), neuromuscu-
lar disorder (e.g., cervical dystonia, blepharospasm), inflam-
mation (e.g., arthritis, psoriasis), vascular disorder (e.g.,
varicose veins, rosacea, Reynaud’s Syndrome), cancer, infec-
tion (e.g., bacterial or viral infection), endocrine condition,
metabolic condition (e.g., diabetes), infertility (e.g., ovula-
tory stimulation for in vitro fertilization), or vitamin defi-
ciency (e.g., vitamin B deficiency). The at least one injectable
agent can include any of anumber of injectable agents includ-
ing but not limited to neurotoxins, subcutaneous volume
enhancers, dermal fillers, insulin, antibiotics, hormones, che-
motherapeutic, or biological agents.

With reference to FIG. 1, shown is a schematic view of a
wearable injection guide 100 on a face of an individual.
Wearable injection guide 100 includes rigid material 110
formed to substantially conform in shape to a topography of
a body region of an individual, e.g., the face 120. In this
non-limiting example, wearable injection guide 100 covers
almost the entirety of the individual’s face. In some embodi-
ments, the rigid material 110 of the wearable injection guide
100 may be designed to cover less than the entirety of a body
region. For example, a wearable injection guide for use in
guiding injection of injectable agents into an individual’s face
may cover one or more of the forechead, eyes, cheeks or
mouth, depending upon the treatment regimen. For example,
a wearable injection guide for use in cosmetically treating
frown lines of the forehead or crow’s feet near the eyes may
include rigid material covering only the forchead and eyes of
an individual’s face.

The rigid material 110 of the wearable injection guide 100
may be formed from one or more materials substantially
impenetrable to an injection needle. The one or more material
substantially impenetrable to an injection needle can include
one or more material capable of being shaped, molded or
printed to form the wearable injection guide 100. Non-limit-
ing examples of shapeable, moldable or printable materials
include acrylic, nylon, plastic, ceramic, resin, rubber, epoxy,
thermoplastic, photopolymer, polyurethane, silicone, or
latex. In some embodiments, all or part of the rigid material is
transparent, to allow a physician, other practitioner, or the
individual to see through the wearable injection guide to the
underlying surface of the body region. The shapeable, mold-
able or printable materials may be further hardened into a
material substantially impenetrable to an injection needle
using one or more stimuli. In some embodiments, the shape-
able, moldable or printable materials may simply harden over
an elapsed time period or by exposure to ambient air. In some
embodiments, the shapeable, moldable or printable material
may be hardened in response to electromagnetic energy, e.g.,
light of a specific wavelength, or in response to elevated
temperature.

The wearable injection guide 100 may be formed from
shapeable, moldable, or printable materials by a variety of
manufacturing methods. In some embodiments, the wearable
injection guide 100 is generated from a mold made of the
body region of the individual. For example, a mold of a body
region of an individual can be generated by covering the body
region, e.g., an individual’s face, with a material that hardens
to conform in shape to a topography of the body region. For
example, alginate may be used in combination with plaster
bandages to create a mold of a body region of an individual,
e.g., the individual’s face. In some embodiments, the mold
itself can be used as a preformed wearable injection guide.
Non-limiting examples of materials that can be used for gen-
erating a mold of a body region of an individual include
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modeling clay, plaster, alginate, or combinations thereof. In
some embodiments, the mold can be a reusable template for
forming one or more wearable injection guides with a mate-
rial, e.g., latex, that is poured or spread into the mold, hard-
ened, and removed from the mold.

In some embodiments, the wearable injection guide 100 is
formed using digitized information, e.g., digital images,
regarding the topography of the body region of an individual
in combination with a manufacturing method. The topogra-
phy ofthe body region can include both the micro-topography
of'the skin surface, e.g., skin texture and patterning, as well as
the topography of body features, e.g., cheeks, nose, lips, eye
sockets, joints, and the like. In some embodiments, a com-
puting device is used to generate a digitally rendered model of
the wearable injection guide based on the one or more digital
images of the body region of the individual. Information
regarding the digitally-rendered model of the wearable injec-
tion guide is sent to a manufacturing device which produces
the wearable injection guide based on the received informa-
tion. Non-limiting examples of methods for generating a
three-dimensional structure from digitized information
include stereolithography, laser sintering, fused deposition
modeling, polyjet, three-dimensional printing, vacuum cast-
ing, reaction injection molding, or injection molding.

Returning to FIG. 1, the wearable injection guide 100
includes one or more injection needle access regions 130
arranged in a treatment pattern 140. The one or more injection
needle access regions 130 are configured to allow an injection
needle to pass through the rigid material 110 of the wearable
injection guide 100 to the underlying tissue of the body region
of'the individual’s face 120. In some embodiments, the one or
more injection needle access regions are configured to allow
injection needles to only pass through wearable injection
guide 100 in a prescribed treatment pattern at the injection
needle access regions 130. In some embodiments, the one or
more injection needle access regions 130 are configured to
allow an injection needle to readily pass through an otherwise
needle-impenetrable rigid material 110. In some embodi-
ments, at least one of the one or more injection needle access
regions includes a diameter greater than an injection needle
diameter. In some embodiments, the one or more injection
needle access regions 130 include one or more portions of the
rigid material 110 having a reduced thickness sufficient to
permit an injection needle penetration. In some embodi-
ments, the one or more injection needle access regions 130
include one or more portions of the rigid material 110 having
a reduced hardness sufficient to permit an injection needle
penetration. The material in the one or more injection needle
access regions 130 can be the same material as rigid material
110, but it may be treated, processed, or cured differently to
generate the access regions. In some embodiments, the mate-
rial in the one or more injection needle access regions 130 can
be the same material used in rigid material 110 but is thinner
or softer in the access regions. In an embodiment, the material
in the one or more injection needle access regions 130 can be
different from rigid material 110 of wearable injection guide
100. In some embodiments, at least a portion of the rigid
material is transparent proximal to or coincident with at least
one of the one or more injection needle access regions.

In some embodiments, rigid material 110 can define one or
more injection needle access regions 130 that are one or more
openings in rigid material 110. The one or more injection
needle access regions 130 including one or more openings
defined by the rigid material can have a cross-section of any
desired diameter. In some embodiments, the one or more
openings defined by the rigid material have a diameter greater
than an injection needle diameter. For example, the one or
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more injection needle access regions 130 including one or
more openings defined by the rigid material can be sized to
allow injection needles of a specified diameter, e.g., gauge, to
pass through the wearable injection guide 100 and into the
underlying tissue of the body region. The gauge of an injec-
tion needle is inversely proportional to its outer diameter. For
example, the injection needle access regions 130 can range in
a cross-sectional diameter from about 5 millimeters (mm) to
about 0.2 mm, to accommodate standard needle gauges that
range from 7 gauge (outer diameter approximately 4.6 mm) to
34 gauge (outer diameter approximately 0.19 mm). In an
embodiment, the one or more injection needle access regions
range in diameter from about 0.8 mm to about 0.3 mm to
accommodate needles ranging in size from 21 gauge to 32
gauge, which are injection needle gauges commonly used to
inject agents into the skin. Larger needles, i.c., needles with a
larger diameter but a smaller gauge number, are associated
with increased pain. Smaller needles, i.e., needles with
smaller diameter but larger gauge number, are less painful but
are less able to accommodate viscous injectable agents.

In some embodiments, the one or more injection needle
access regions 130 of the wearable injection guide 100 are
round in shape. However, the shape of the one or more injec-
tion needle access regions 130 is not restricted to being cir-
cular in shape and can include, for example, oval, square,
rectangular, trapezoid or triangular shapes (for non-circular
shapes, the term “diameter” as used herein refers to the largest
diameter of a cylindrical injection needle that is able to pass
through the opening). In general, the shape of the one or more
injection needle access regions 130 is shaped to allow passage
of an appropriately sized injection needle through the rigid
material 110 of the wearable injection guide 100 and into the
underlying tissue of the body region. The diameter of the one
or more injection needle access regions 130 can be designed
to permit the passage of the needle therethrough with very
little gap between the injection needle and the rigid material
110. This is useful for injections that require precise place-
ment of the injection needle into the underlying tissue. In an
embodiment, the diameter of the one or more injection needle
access regions 130 openings can be designed to permit the
passage of the injection needle therethrough with a relatively
large gap between the injection needle and the rigid material
110. This is useful for injections that can accommodate injec-
tion needle placement in a more general or gross area of the
underlying tissue, where accurate placement of the injection
needle is not as important.

In some embodiments, the one or more injection needle
access regions are linear in shape, e.g., a line. One or more
injection needle access regions that are linear in shape can
accommodate serial needle sticks or linear threading along
the path of the linear shape. As illustrated in FIG. 1, in some
embodiments, the one or more injection needle access regions
can be one or more straight slits 132 in the wearable injection
guide. In some embodiments, the one or more injection
needle access regions can be one or more curved slits 134 in
the wearable injection guide. The one or more straight slits
132 and/or curved slits 134 can be continuous or discontinu-
ous depending upon the preferred treatment pattern. In some
embodiments, the one or more straight slits 132 and/or curved
slits 134 represent portions of rigid material 110 having
reduced thickness or hardness sufficient to permit an injection
needle penetration. In some embodiments, the one or more
straight slits 132 and/or curved slits 134 represent portions of
rigid material 110 defining one or more openings.

In some embodiments, the wearable injection guide 100
includes one or more injection needle access regions 130
comprising one or more areas of the rigid material 110 having
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a reduced thickness sufficient to permit an injection needle
penetration. The reduction in thickness of the rigid material in
the injection needle access region can be about 0.1% to about
100%. For example, a wearable injection guide can be formed
in which the thickness of the rigid material within the injec-
tion needle access region is about 1-10% of the overall thick-
ness of the rigid material. The reduction in thickness of the
rigid material within the injection needle access regions can
be added to a digitally rendered model of the wearable injec-
tion guide and incorporated into the formed wearable injec-
tion guide during manufacture.

In some embodiments, the wearable injection guide 100
includes one or more injection needle access regions 130
comprising one or more areas of rigid material 110 having
reduced hardness to permit an injection needle penetration.
The reduction in hardness of the rigid material in the injection
needle access region can be about 0.1% to about 100%. For
example, a wearable injection guide can be formed in which
the hardness of the rigid material within the injection needle
access region is about 1-10% of the overall hardness of the
rigid material. In some instances, the injection needle access
regions can include a different material than that used for the
overall wearable injection guide. For example, the wearable
injection guide 100 can be formed from acrylic and the injec-
tion needle access regions formed from a soft rubber or latex.
In some instances, the injection needle access regions can
include the same material that is used for the bulk of the rigid
material of the wearable injection guide, but treated, e.g.,
cured, differently from the rest of the rigid material.

The wearable injection guide 100 includes one or more
injection needle access regions 130 arranged in a treatment
pattern 140. In some embodiments, the one or more injection
needle access regions 130 are arranged in a treatment pattern
140 that is predetermined. For example, the treatment pattern
may be predetermined depending upon the type of injectable
agent and/or the condition being treated. For example, cos-
metic treatment of a portion of the face, e.g., the glabella
frown lines, may follow a predetermined pattern of injection
sites. In some embodiments, the predetermined treatment
pattern is provided by a computing device that stores treat-
ment patterns specific for a condition or specific for an inject-
able agent. In some embodiments, the one or more injection
needle access regions arranged in a treatment pattern can be
included in a digitally rendered model of the wearable injec-
tion guide. For example, the one or more injection needle
access regions 130 may be arranged in a treatment pattern 140
based on the specific needs of the individual for whom the
wearable injection guide is designed and manufactured. In
this case, the number and placement of the one or more
injection needle access regions are specifically prescribed for
the individual.

In some embodiments, the one or more injection needle
access regions 130 can be arranged in a treatment pattern 140
that is generic for a given treatment regimen. For example, the
treatment pattern 140 can be a series of rows and/or columns
of injection needle access regions, any one or more of which
may be accessed during the course of treatment.

In some embodiments, the treatment pattern 140 is ana-
tomical feature dependent. For example, a wearable injection
guide designed for deployment on the face of an individual
may have a treatment pattern dependent upon a particular
anatomical feature of the face, e.g., the eye brow, the glabella,
or cheek folds. In some embodiments, the anatomical feature
can include an anatomical feature that might be contraindi-
cated as an injection site, e.g., an underlying blood vessel,
joint, or inside the orbit ofthe eye, and as such the one or more
injection needle access regions are arranged in a treatment
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pattern to avoid this anatomical feature. In some embodi-
ments, the anatomical features of the body region are fairly
uniform, e.g., the anatomical features of the upper thigh, and
as such the arrangement of the one or more injection needle
access regions into a treatment pattern can be more generic or
less specific to the individual.

In some embodiments, the arrangement of one or more
injection needle access regions 130 into a treatment pattern
140 is dependent upon the specific needs of the individual. In
the case of a wearable injection guide deployed on an indi-
vidual’s face for cosmetic use, for example, the arrangement
of the one or more injection needle access regions into a
treatment pattern can include situating the one or more injec-
tion needle access regions over, for example, one or more
lines, wrinkles, folds, or pouches in need of treatment on the
individual’s face. The skin is composed of three layers: the
outer epidermis, the dermis, and the subcutis (hypodermis) or
lowest layer of the skin. The dermis can be further divided
into the upper papillary region and the lower reticular region.
During youth, elastin and collagen contained in the dermis
allows the epidermis to stretch and hold large amounts of
moisture. Over time, elastin and collagen are lost from the
dermis and the skin becomes thinner and less elastic and
stretchy. In addition, the dermis begins to have difficulty
moving adequate amounts of moisture up to the epidermis,
causing the epidermis to sag and wrinkles to form. During
aging, mechanical lines also begin to appear and are com-
monly associated with squinting, e.g., crow’s feet, smiling,
e.g., laugh lines, or frowning, e.g., forehead frown lines. In
some embodiments, the treatment pattern on the wearable
injection guide can include one or more injection needle
access regions situated over one or more horizontal forehead
lines, glabellar frown lines, periorbital lines, preauricular
lines, cheek lines, nasolabial folds, upper radial lip lines,
lower radial lip lines, corner of the mouth lines, marionette
lines, labiomental crease, and/or horizontal neck folds.

In some embodiments, a wearable injection guide 100
deployed on an individual’s face 120 can include one or more
injection needle access regions 130 arranged in a treatment
pattern 140 that are situated over one or more muscles asso-
ciated with creating lines and wrinkles on the individual’s
face 120. For example, the treatment pattern on the wearable
injection guide can include one or more injection needle
access regions situated over one or more of the occipito-
frontalis muscle of the forehead for treatment of horizontal
forehead wrinkles; the procerus muscle between the eye-
brows for treatment of horizontal wrinkling above the bridge
of the nose; the corrugators muscle for treatment of the “11”
wrinkles that appear between the eyebrows or in the glabella
during an angry facial expression; the orbicularis oculi
muscles around the eyes for the treatment of “crow’s feet;”
the nasalis muscles of the nose for the treatment of “bunny
lines™ along the side of the nose; the orbicularis oris muscles
around the lips for the treatment of radial pucker lines on the
lips; and the depressor anguli oris muscles under the lips for
the treatment of down turning of the corners of the mouth
while frowning.

In some embodiments, the treatment pattern 140 can
include one or more injection needle access regions 130
arranged in such a way as to create volume upon injection of
a filler substance. For example, a series of injection needle
access regions can be arranged on a wearable injection guide
in a linear treatment pattern along a skin fold. In another
example, the injection needle access regions can be arranged
on a wearable injection guide in a square treatment pattern to
facilitate threading of an injectable agent in a crisscross pat-
tern.
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Returning to the example in FIG. 1, the one or more injec-
tion needle access regions 130 of the wearable injection guide
100 arranged in a treatment pattern 140 can further include
one or more fiducials, e.g., 150a, 1505, and 150¢, indicative
ofat least one treatment parameter. In some embodiments, the
one or more fiducials indicative of at least one treatment
parameter mark the site at which an injection needle is
intended to be inserted through the wearable injection guide.
In some embodiments, the one or more fiducials indicative of
at least one treatment parameter provide instructions as to
what action should be taken at or near any of the one or more
fiducials, e.g., what injectable agent to inject, the dose of the
injectable agent, and/or how deep to insert a needle into the
underlying tissue of the body region.

In some embodiments, at least one of the one or more
fiducials indicative of the at least one treatment parameter is
positioned proximal to at least one of the one or more injec-
tion needle access regions. For example, an injection needle
access region that is an opening in the rigid material of the
wearable injection guide may include one or more fiducials in
proximity to the opening that indicate at least one treatment
parameter relevant to that opening. In some embodiments, at
least one of the one or more fiducials indicative of the at least
one treatment parameter coincides with at least one of the one
or more injection needle access regions. For example, the one
or more fiducials may coincide with a portion of the rigid
material that has reduced thickness or hardness correspond-
ing to an injection needle access region.

In some embodiments, each of the one or more injection
needle access regions include one or more fiducials indicative
of at least one treatment parameter. In some embodiments,
only a subset of the one or more injection needle access
regions include one or more fiducials indicative of at least one
treatment parameter. In some embodiments, the one or more
fiducials indicative of at least one treatment parameter are
generic and appropriate for use for anyone undergoing treat-
ment for a specific condition. In some embodiments, the one
or more fiducials indicative of at least one treatment param-
eter are specific to the individual for whom the wearable
injection guide is designed and manufactured. For example,
the type of injectable agent and/or dosage may be based onthe
specific condition of the individual as well as other criteria,
e.g., weight, age, skin thickness, allergic response, or other
physiological criteria relevant to administration of an inject-
able agent.

In some embodiments, the at least one treatment parameter
is part of a treatment regimen indicated for treatment of a
specific condition. The treatment regimen can include one or
more injectable agents, dosing of the one or more injectable
agents, timing of dosing of each of the one or more injectable
agents, sequence of dosing of each of the one or more inject-
able agents, placement of dosing of each of the one or more
injectable agents. For example, the treatment regimen may be
represented by one or more fiducials indicating the time inter-
vals at which an injectable agent should be repeatedly
injected through the wearable injection guide at the same or
different injection needle access region over a period of time,
e.g., over the course of a 30 to 60 minute office visit. When
two or more injectable agents are indicated for use in the
condition, the treatment regimen may be represented by one
or more fiducials indicative of the sequence of injection of the
two or more injectable agents.

The one or more fiducials can include one or more colors,
numbers, letters, shapes, crosshairs, or combinations thereof
indicative of at least one treatment parameter. In the non-
limiting example of FIG. 1, the one or more fiducials 150a,
1505, and 150¢ are depicted as being red (R), blue (B) and
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green (G), respectively, but it is understood that the one or
more fiducials can include any combination of colors, num-
bers, letters, shapes, and/or crosshairs indicative of at least
one treatment parameter.

In an embodiment, the one or more fiducials 150a, 1505,
and 150c¢ indicative of at least one treatment parameter
include one or more fiducials 150a, 1505, and 150¢ indicative
of atleast one type of injectable agent to be injected at at least
one of the one or more injection needle access regions. For
example, a cosmetic treatment of the face can include one or
more fiducials indicative of at least one injectable agent, e.g.,
a neurotoxin, subcutaneous volume enhancer, or dermal filler
(see, e.g., Carruthers et al., Plast. Reconstr. Surg. (2008) 121
(Suppl):5S-308S, which is incorporated herein by reference).
Non-limiting examples of other injectable agents include
insulin, antibiotics, hormones, chemotherapeutics or biologi-
cal agents. In an embodiment, the one or more fiducials 150a,
1506, and 150¢ indicative of at least one treatment parameter
can include one or more fiducials 150a, 1505, and 150c¢
indicative of at least one dosage of at least one injectable
agent to be injected at at least one of the one or more injection
needle access regions. The dosage of the injectable agent can
include one or more units or parts thereof, one or more mil-
liliters or parts thereof, or one or more other measures of
dosage. For example, the neurotoxin onabotulinumtoxinA
(BOTOX®) is typically injected in 3-5 unit increments per
injection. The dosage can also include timing and sequence of
injection of the injectable agent. For example, an injectable
agent may be injected multiple times over the course of hours,
days, or weeks. For example, a treatment regimen may
include two or more injectable agents and each of two or more
injectable agents may be injected in a preferred or prescribed
sequence.

In an embodiment, the one or more fiducials 150a, 1505,
and 150¢ indicative of at least one treatment parameter match
a specific injectable agent, e.g., a red fiducial for a neurotoxin,
a blue fiducial for a subcutaneous volume enhancer, and a
green fiducial for a dermal filler. In an embodiment, the one or
more fiducials 150a, 1505, and 150c¢ indicative of at least one
treatment parameter match a dose of a specific injectable
agent, e.g., a red fiducial equals 5 units, a blue fiducial equals
10 units, and a green fiducial equals 15 units.

In some embodiments, the one or more fiducials 150a,
1506, and 150¢ indicative of at least one treatment parameter
are indicative of at least one needle injection depth of at least
one type of injectable agent to be injected at at least one of the
one or more injection needle access regions. In some embodi-
ments, the one or more needle injection depth is dependent
upon the length of the injection needle. FIG. 1B illustrates a
diagram of atypical injection needle 160 attached via a needle
hub 165 to a syringe 170. The length 175 of the injection
needle 160 or needle shank is the length of the injection
needle 160 as measured from the needle hub 165 at the proxi-
mal end of the injection needle 160 to the tip of the bevel 180
at the distal end of the injection needle 160. The bevel 180 is
the slanted portion of the injection needle 160 that creates a
sharp, pointed tip. The length 175 of the injection needle 160
can be measured in inches or mm. In some embodiments, the
length 175 of the injection needle 160 can vary from about 4
mm (%52 inches) to about 12.7 mm (%2 inches). Injection
needles of shorter or longer length, e.g., up to about S0 mm (2
inches) or more can also be contemplated for use with the
wearable injection guide.

In some embodiments, the rigid material 110 of the wear-
able injection guide includes a needle depth-limiting surface
proximate to or at least partially coincident with at least one of
the one or more injection needle access regions. In some
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embodiments, the needle depth-limiting surface is defined as
the distance or thickness between an inner and outer surface
of the rigid material of the wearable injection guide. For
example, the rigid material can have a thickness that limits the
depth to which an injection needle can be injected. For
example, a rigid material that is 2 mm thick at an injection
needle access region will allow a 4 mm needle to reach, at
most, an injection depth of 2 mm. In some embodiments, the
rigid material can have a uniform thickness throughout the
wearable injection guide, including at the one or more injec-
tion needle access regions. In some embodiments, the rigid
material may vary in thickness and may vary in thickness
specifically at the one or more injection needle access
regions. For example, the thickness may be 3 mm at one
injection needle access region and 2 mm at a second injection
needle access region, thereby permitting a 4 mm injection
needle to penetrate the skin no more than 1 mm and 2 mm at
the respective injection sites. The wearable injection guide
100 can vary in thickness across a single surface according to
design and purpose, and can range from about 0.1 mm to
about 25 mm or more.

In some embodiments, the depth to which the injection
needle penetrates in to the underlying tissue of the body
region of an individual is dependent upon whether or not the
injection needle is inserted to a stop point defined by the
needle hub bumping up against the outer surface of the wear-
able injection guide. In the instance where the injection
needle is inserted all the way to a stop point, the depth to
which the injection needle penetrates into the underlying
tissue of the body region will be dependent upon the thickness
of'the wearable injection guide, the thickness of the injection
needle access region itself, and/or the length of the injection
needle. The one or more fiducials on the wearable injection
guide related to needle injection depth can include informa-
tion related to the preferred type of needle for use at a given
injection needle access region and whether the preferred
injection needle needs to be injected to a stop point as defined,
for example, by the needle hub.

In some embodiments, the wearable injection guide
includes at least one needle-penetrable membrane covering at
least a portion of at least one surface of the rigid material. In
some embodiments, the at least one needle-penetrable mem-
brane serves as a needle-depth limiting surface, limiting the
depth to which an injection needle can be inserted through the
one or more injection needle access regions, e.g., openings in
the rigid material, and into the underlying tissue.

In some embodiments, the wearable injection guide 100
can be used in conjunction with one or more depth-limiting
adapters. The one or more depth-limiting adapters are con-
figured to limit the depth to which an injection needle can be
injected into the skin tissue of an individual. In an embodi-
ment, a depth-limiting adapter can be configured as a tube
with an inner diameter sufficient to accommodate passage of
an injection needle of a specific gauge and a length sufficient
to limit the depth to which an injection needle can be injected
into the underlying tissue of the body region of the individual.
The inner diameter can range from about 5 mm to about 0.2
mm. In an embodiment, the inner diameter of the depth-
limiting adaptor can range from about 0.8 mm to about 0.3
mm to accommodate an injection needle ranging in size from
21 to 32 gauge, which are injection needle gauges commonly
used for injecting agents tissue. The inner diameter of the
depth-limiting adapter can also be sufficiently small to allow
insertion of the injection needle up to but not including the
hub of the needle. For example, a depth-limiting adapter of
about 5 mm in length would allow a needle of about 12.7 mm
in length to be injected to a stop point defined by the needle
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hub and to reach a skin depth of about 7.7 mm if used alone or
to a skin depth of about 4.7 mm if used in conjunction with a
wearable injection guide with a thickness of about 3 mm. In
some embodiments, the one or more depth-limiting adapters
can have a shape, e.g., a diameter, to facilitate at least partial
insertion of the depth-limiting adapter into at least one of the
one or more injection needle access regions. For example, the
depth-limiting adapter can be a hollow cylinder with an outer
diameter that is configured for insertion into an injection
needle access region that is an opening defined by the rigid
material of the wearable injection guide. The one or more
depth-limiting adapters can range in length from about 1 mm
to about 25 mm or more. In some embodiments, the depth-
limiting adapter is telescoping, allowing for adjustment of the
length of the depth-limiting adapter and consequently the
depth to which an injection needle can be injected into an
underlying tissue.

In some embodiments, the one or more injection needle
access regions 130 arranged in a treatment pattern 140 are
incorporated into the wearable injection guide 100 at the time
of manufacture. In some embodiments, the one or more fidu-
cials, e.g., 150a, 1505, and 150c¢, indicative of at least one
treatment parameter specific to the individual are also incor-
porated into the wearable injection guide 100 at the time of
manufacture. For example, the digitized image of the body
region, e.g., an individual’s face 120, can be incorporated into
a digitally rendered model of a wearable injection guide
intended for three-dimensional printing and can include the
one or more injection needle access regions, indicating the
injection sites as well as the one or more fiducials e.g., 150a,
1504, and 150¢, indicative of the at least one treatment param-
eter.

In some embodiments, the one or more injection needle
access regions 130 are incorporated into the wearable injec-
tion guide 100 at the time of manufacture, but the one or more
fiducials indicative of at least one treatment parameter, e.g.,
the actual sites and/or treatment parameter intended for injec-
tion on a given treatment day, can be marked on the wearable
injection guide after the wearable injection guide has been
manufactured. For example, the treating physician, other
practitioner, or the individual themselves (in the case of self-
injection) can place the one or more fiducials indicative of at
least one treatment parameter on the wearable injection guide
using a pen or other marking device at the prescribed injection
sites.

In some embodiments, the wearable injection guide is used
by a physician or other practitioner to guide injection of
injectable agents into a patient. In some embodiments, the
wearable injection guide is used by an individual to guide
self-injection of an injectable agent.

The wearable injection guide can be configured for place-
ment on a body region of the individual including, but not
limited to, the face, the torso, the abdomen, the neck, the head,
the upper extremities, the lower extremities, the buttocks, or
any other body region of the individual accessible to injec-
tion. FIG. 2 is a non-limiting embodiment that illustrates a
wearable injection guide 200 for use on body region 210 on
the lower abdomen of an individual. The wearable injection
guide 200 includes one or more injection needle access
regions 230. The one or more injection needle access regions
230 are annotated with one or more fiducials 240a or 2405
indicative of at least one treatment parameter and can include
one or more of colors, numbers, letters, shapes, crosshairs, or
combinations thereof. In some embodiments, the one or more
injection needle access regions 230 can be annotated with one
or more fiducials 240a that are positioned proximal to the one
ormore injection needle access regions 230. In some embodi-
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ments, the one or more injection needle access regions 230
can be annotated with one or more fiducials 2405 that are
coincident with or superimposed on the one or more injection
needle access regions 230. The one or more treatment param-
eters indicated by the one or more fiducials can include one or
more of a type of injectable agent, a dosage of the injectable
agent and/or a needle injection depth.

In some embodiments the wearable injection guide 200 is
configured for use by the individual for self-injection of an
injectable agent. Non-limiting examples of injectable agents
for self-injection include antibiotics, insulin, fertility hor-
mones (e.g., FSH, ganirelix, cetrotide, Lupron, HCG), immu-
nomodulators (e.g., etanercept), glatiramer (injected daily to
treat multiple sclerosis), teriparatide (injected daily to treat
osteoporosis), enoxaparin (injected daily to treat deep vein
thrombosis), vitamins (e.g., vitamin B 12). In some embodi-
ments, the wearable injection guide 200 may have an orien-
tation as indicated by an orientation indicium 220 that allows
an individual to decipher the one or more fiducials 240a and
2405, e.g., letters and/or numbers, on the wearable injection
guide 200 when it is deployed on the individual’s abdomen
210 but would otherwise appear upside-down to another per-
son viewing the wearable injection guide 200 on said indi-
vidual’s abdomen 210.

FIGS. 3A and 3B depict further aspects of some embodi-
ments of a wearable injection guide including one or more
injection needle access regions that allow one or more injec-
tion needles to pass through the rigid material at various
angles and into the underlying tissue of the body region of the
individual. FIG. 3A is a cross-sectional view through wear-
able injection guide 300 and depicts an injection needle 340
passing through the rigid material 310 of the wearable injec-
tion guide 300 at various angles and into the underlying tissue
of the body region 320 of an individual. In some embodi-
ments, the one or more injection needle access regions 330a
transect the rigid material 310 at an angle of 90 degrees
relative to an adjacent surface of the rigid material 310. As
such, injection needle 340 is able to pass through the wearable
injection guide 300 and into the underlying tissue of the body
region 320 ofthe individual ata 90 degree angle relative to the
surface of the wearable injection guide 300. In this manner,
the injection needle 340 can be injected straight into the
underlying tissue of the body region 320 of an individual to a
preferred depth. In some embodiments, the one or more injec-
tion needle access regions transect the rigid material at an
angle of less than 90 degrees relative to an adjacent surface of
the rigid material. For example, one or more injection needle
access regions 3305 can be configured to allow an injection
needle 340 to pass through the wearable injection guide 300
and into an underlying tissue of the body region 320 of the
individual at an angle of about 60 degrees. In another
example, one or more injection needle access regions 330¢
can be configured to allow an injection needle 340 to pass
through the wearable injection guide 300 and into an under-
lying tissue of the body region 320 of the individual at an
angle of about 30 degrees. The one or more injection needle
access regions, e.g., one or more areas of the rigid material
310 defining one or more openings, one or more portions of
the rigid material having a reduced hardness, and/or one or
more portions of the rigid material having a reduced thick-
ness, can be configured to allow an injection needle 340 to
pass through the wearable injection guide 300 and into the
underlying tissue of the body region 320 of the individual at
an angle ranging from greater than 0 degrees and less than or
equal to 90 degrees.

The angle of the one or more injection needle access
regions, e.g., 3304a, 3305 and/or 330c¢, through the rigid mate-
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rial 310 of the wearable injection guide 300 can be dependent
on the injectable agent and the desired depth of the needle
injection into the underlying tissue of the body region 320 of
the individual and the desired pattern of injection. For
example, as illustrated in FIG. 3B, injections into the muscle,
i.e., intramuscular injection, may be done with an injection
needle 340a through the wearable injection guide 300 at a 90
degree angle; injections into the subcutis, i.e, subcutaneous
injection, may be done with an injection needle 3405 through
the wearable injection guide 300 at a 45 degree angle; and
injections into the epidermis or dermis may be done with an
injection needle 340c¢ through the wearable injection guide
300 at a 10 to 15 degree angle.

In some embodiments, the wearable injection guide com-
prises a rigid needle-penetrable material having an inner sur-
face and an outer surface, the inner surface having form-
fitting contours substantially conforming to the topography of
a body region of an individual and the outer surface having
one or more fiducials indicative of at least one treatment
parameter.

FIG. 4 illustrates a non-limiting embodiment of a wearable
injection guide 400 deployed on the body region 410 of an
individual. The wearable injection guide 400 formed from
one or more rigid needle-penetrable materials has an outer
surface 420 including one or more fiducials 430 indicative of
at least one treatment parameter. The one or more fiducials
indicative of at least one treatment parameter include one or
more shapes, colors, numbers, letters, crosshairs, or combi-
nations thereof. Non-limiting examples of the at least one
treatment parameter include at least one type of injectable
agent to be injected at said one or more fiducials, at least one
dosage amount of an injectable agent to be injected at said one
or more fiducials, at least one angle of injection of the injec-
tion needle to be injected at said one or more fiducials, or at
least one needle injection depth of at least one type of inject-
able agent to be injected at said one or more fiducials. In some
embodiments, the one or more treatment parameters are part
of a treatment regimen. In some embodiments, the treatment
regimen is specific to the individual. In some embodiments, at
least a portion of the rigid needle-penetrable material is trans-
parent at at least one of a location proximal to or coincident
with the one or more fiducials. For example, the rigid material
may be transparent in a portion of the wearable injection
guide including one or more fiducials such that an underlying
treatment area on the body region of the individual is visible
through the wearable injection guide.

Returning to FIG. 4, in some embodiments, the one or more
fiducials 430 indicative of at least one treatment parameter are
arranged in a treatment pattern 440 on the outer surface 420 of
the wearable injection guide 400. The one or more fiducials
arranged in a treatment pattern can include one or more
shapes, colors, numbers, letters, crosshairs, or combinations
thereof arranged in a treatment pattern. FIG. 4 illustrates
various embodiments of one or more fiducials arranged in a
treatment pattern including treatment pattern 440q including
one or more numbers, treatment pattern 4405 including one or
more shapes, treatment pattern 440c¢ including one or more
letters, treatment pattern 4404 including one or more colors,
or treatment pattern 440¢ including combinations of num-
bers, shapes, letters, and colors.

In some embodiments, the one or more fiducials 430 are
merely indicative of where an injection needle should be
inserted through the wearable injection guide. For example,
the wearable injection guide may be designed for use with one
specific injectable agent with one specific injection dose and
one specific needle depth such that the only variable indicated
by the one or more fiducials, e.g., crosshairs, is the actual site
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of injection. In some embodiments, any given injection site
may include a first fiducial indicating the injection site and at
least one second fiducial indicating one or more treatment
parameters for said associated injection site. In some embodi-
ments, a first set of fiducials are used to indicate the treatment
parameters while a second set of fiducials are used to indicate
the injection sites, the first set of fiducials not necessarily
proximal to or coincident with the injection sites. For
example, the first set of fiducials may be distributed along an
edge of the wearable injection guide and providing treatment
parameter information, e.g., injection information, for a sec-
ond set of fiducials arranged in treatment pattern on the wear-
able injection guide.

In some embodiments, the one or more fiducials 430 are
indicative of the presence of one or more agents incorporated
into wearable injection guide 400, either in or on the inner
surface of the wearable injection guide 400 or in at least one
agent-containing reservoir associated with the wearable
injection guide. The one or more agents can include one or
more analgesics, disinfectants, antiseptics, sterilants, thera-
peutic agents or combinations thereof.

In some embodiments, the one or more fiducials 430
indicative of at least one treatment parameter and arranged in
atreatment pattern 440 are arranged in one or more predeter-
mined treatment patterns. For example, the treatment pattern
of'the one or more fiducials may be predetermined depending
upon the type of injectable agent and/or the condition being
treated. For example, cosmetic treatment of a portion of the
face, e.g., the glabella frown lines, may follow a predeter-
mined pattern of injection sites. In some embodiments, the
predetermined treatment pattern of one or more fiducials is
provided by a computing device that stores treatment patterns
specific for a condition, specific for an injectable agent, and/
or specific for the individual. For example, one or more digi-
tally rendered fiducials indicative of the one or more fiducials
can be incorporated into a digitally rendered model of the
wearable injection guide in a predetermined treatment pattern
and subsequently incorporated into a formed wearable injec-
tion guide during a manufacturing process, e.g., three-dimen-
sional printing.

In some embodiments, the one or more fiducials 430 can be
placed onto wearable injection guide 400 by a physician or
other practitioner at some point after the guide is formed but
prior to treatment. In an embodiment, the one or more fidu-
cials can be manually placed on the wearable injection guide
by an individual at some point after the guide is formed but
prior to self-injection treatment. The one or more fiducials are
placed onto the wearable injection guide based on the desired
treatment parameters. In some embodiments the one or more
fiducials are placed on the wearable injection guide by the
physician, other practitioner, or the individual in a predeter-
mined treatment pattern based on one or more of the condi-
tion, the injectable agent or specific topography and/or ana-
tomical features of the individual. In this manner, multiple
personalized wearable injection guides can be generated at
one time for a particular individual and the treatment options
for a given treatment period, e.g., a given treatment day or
office visit, can be marked on the wearable injection guide at
the time of treatment, providing flexibility in the treatment
regimen.

In some embodiments, the arrangement of one or more
fiducials 430 in a treatment pattern 440 on the wearable
injection guide 400 is dependent upon the specific needs of
the individual. In some embodiments, the one or more fidu-
cials are arranged in a treatment pattern that coincides with a
treatment area on the body region of the individual. For
example, in the case of a wearable injection guide 400



US 9,199,044 B2

19

deployed on an individual’s face, the arrangement of the one
or more fiducials 430 in a treatment pattern 440 can include
one or more fiducials 430 situated over or proximal to one or
more lines, wrinkles, folds, or pouches in need of treatment
on the body region 410 of the individual. For example, a
wearable injection guide can include one or more fiducials
arranged in a treatment pattern which when deployed on the
individual’s face are situated over or proximal to lines,
wrinkles, folds, or pouches associated with a forehead, a
glabella, a periorbital region, an auricular region, an ear, a lip,
a cheek, a nasolabial fold, a labial region, a perilabial region,
a sublabial region, a labiomental crease, or a neck region of
the individual.

In some embodiments, the treatment pattern 440 includes
one or more fiducials 430 situated over one or more muscles
associated with creating lines and/or wrinkles on the body
region 410 of the individual. For example, in treating an
individual’s face, the wearable injection guide can include
one or more fiducials arranged in a treatment pattern that are
situated over or proximal to one or more of the occipito-
frontalis muscle of the forehead for treatment of horizontal
forehead wrinkles; the procerus muscle between the eye-
brows for treatment of horizontal wrinkling above the bridge
of the nose; the corrugators muscle for treatment of the “11”
wrinkles that appear between the eyebrows or glabella during
an angry facial expression; the orbicularis oculi muscles
around the eyes for the treatment of “crow’s feet;” the nasalis
muscles of the nose for the treatment of “bunny lines” along
the side of the nose; the orbicularis oris muscles around the
lips for the treatment of radial pucker lines on the lips; and the
depressor anguli oris muscles under the lips for the treatment
of down turning of the corners of the mouth while frowning.

In some embodiments, the treatment pattern 440 can
include one or more fiducials 430 arranged in a treatment
pattern so as to avoid portions of the underlying tissue of the
body region that might be contraindicated for administration
of'the injectable agent. For example, the one or more fiducials
on the wearable injection guide may be arranged so as to
avoid injection of an injectable agent into an underlying blood
vessel. Other non-limiting examples of contraindicated injec-
tion sites include areas of infection, skin disease or inflam-
mation (unless the injectable agent is being used to treat said
conditions) or areas too close to the orbits (to prevent ptosis).
In another example, the one or more fiducials may be
arranged in a treatment pattern so as to avoid injection of an
injectable agent into a site that has been previously injected.

FIGS. 5A-5C illustrate further non-limiting embodiments
of a wearable injection guide. FIGS. 5A, 5B, and 5C are
cross-sectional views of wearable injection guide 500
deployed on body region 510 of an individual. The wearable
injection guide 500 includes an inner surface 520 and an outer
surface 530 separated by a rigid needle-penetrable material
540. The rigid needle-penetrable material 540 can include
one or more of acrylic, nylon, plastic, ceramic, resin, rubber,
epoxy, thermoplastic, photopolymer, polyurethane, latex, or
silicone. In some embodiments, at least a portion of the rigid
needle-penetrable material 540 is transparent.

The inner surface 520 of wearable injection guide 500
includes form-fitting contours substantially conforming to a
topography of a body region 510 of an individual. In some
embodiments, the inner surface 520 includes form-fitting
contours substantially conforming to the topography of one
or more of the individual’s facial region, torso region,
abdominal region, head region, neck region, upper extremity,
lower extremity, buttocks, or any other body region accessible
for injection. In an embodiment, the inner surface 520 can
include form-fitting contours substantially conforming to the
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topography of one or more regions of the individual’s face
including but not limited to an individual’s forehead region,
eye region, cheek region, mouth region, or combinations
thereof. The portion of the body region 510 covered by the
wearable injection guide 500 can be dependent upon the
desired treatment location. For example, the wearable injec-
tion guide 500 can include an inner surface 520 with form-
fitting contours substantially conforming to the combined
forehead and eye regions of the individual for treatment of
lines and/or wrinkles around the forchead and eyes. In
another example, the wearable injection guide 500 can
include an inner surface 520 with form-fitting contours sub-
stantially conforming to a body region associated with an
individual’s upper thigh or lower abdominal region.

The outer surface 530 of the wearable injection guide 500
is configured to limit the depth to which an injection needle is
capable of penetrating the underlying tissue of the body
region 510. In some embodiments, the outer surface of the
rigid needle-penetrable material includes an outer contour
with one or more portions separated from the inner surface of
the rigid needle-penetrable material by at least one needle
depth-limiting distance. In some embodiments, the needle-
depth-limiting distance is about 0.5 mm to about 25 mm. In
some embodiments, a needle depth-limiting distance is
equivalent to a thickness of the rigid material of the wearable
injection guide. For example, outer surface 530 has a contour
defined by one or more needle depth-limiting distance 550 of
rigid needle-penetrable material 540 separating the outer sur-
face 530 from the inner surface 520 of the wearable injection
guide 500. In some embodiments, as illustrated in FIG. 5A,
the outer surface 530 has a uniform contour defined by needle
depth-limiting distance 550 of rigid needle-penetrable mate-
rial 540 separating the outer surface 530 from the inner sur-
face 520 of the wearable injection guide 500. Needle depth-
limiting distance 550 of the rigid needle-penetrable material
540 is uniform across the entirety of the wearable injection
guide 500. Needle depth-limiting distance 550 can be based
on the length of needle used for the injection. Alternatively,
needle depth-limiting distance 550 can be based on how deep
into the underlying tissue of the body region 510 of the
individual the injection needle is intended to go. For example,
needle depth-limiting distance 550 can be uniformly about
0.5 mm to about 12.5 mm across the entirety of the wearable
injection guide 500. Needle depth-limiting distance 550 of
the rigid needle-penetrable material 540 can be a thickness
such that the one or more injection needles used to inject one
or more injectable agents will reach the appropriate tissue
depth when inserted through the wearable injection guide 500
as far as they will go. For example, as shown in the embodi-
ment of FIG. 5A, a first needle with a first needle length 560a
penetrates through the outer surface 530 of the rigid needle-
penetrable material 540 into the underlying tissue of the body
region 510 to a first depth 5704 while a second needle with a
second needle length 5605 penetrates through the outer sur-
face 530 of the rigid needle-penetrable material 540 into the
underlying tissue of the body region 510 to a second depth
5705.

In some embodiments, the outer surface 530 of the wear-
able injection guide 500 includes one or more fiducials indi-
cating whether the first needle with the first needle length
560aq or the second needle with the second needle length 5605
should be used at a given site on the wearable injection guide
500.

In some embodiments, as illustrated in FIG. 5B, the outer
surface 530 has a varied contour defined by more than needle
depth-limiting distance 550 of rigid needle-penetrable mate-
rial 540 separating the outer surface 530 from the inner sur-
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face 520 of the wearable injection guide 500. For example,
the outer surface 530 and the inner surface 520 of the wear-
able injection guide 500 can be separated by at least one first
needle depth-limiting distance 550 and at least one second
needle depth-limiting distance 5505. The proportion of the
rigid needle-penetrable material with at least one first needle
depth-limiting distance 550a and at least one second thick-
ness 5505 can vary across the entirety of the wearable injec-
tion guide 500. The at least one first needle depth-limiting
distance 550q and at least one second needle depth-limiting
distance 5504 can be based on the length of injection needle
used for the injection. The at least one first needle depth-
limiting distance 550q and at least one second needle depth-
limiting distance 5505 can be based on how deep the injection
needle is intended to be injected into the underlying tissue of
the body region 510. For example, the at least one first needle
depth-limiting distance 550a and the at least one second
needle depth-limiting distance 5505 can vary from about 0.5
mm to about 12.5 mm across the entirety of the wearable
injection guide 500. The at least one first needle depth-limit-
ing distance 550a and the at least one second needle depth-
limiting distance 5505 of'the rigid needle-penetrable material
540 can vary such that the one or more injection needles used
to inject the one or more injectable agents will reach the
appropriate tissue depth when they are inserted as far as they
will go. For example, as illustrated in the embodiment of FIG.
5B, needle 560 penetrates a first portion of the outer surface
530 with a first needle depth-limiting distance 550a and
through the rigid needle-penetrable material 540 into the
underlying tissue of the body region 510 to a first depth 570a
while needle 560 penetrates a second portion of the outer
surface 530 with a second needle depth-limiting distance
5506 and through the rigid needle-penetrable material 540
into the underlying tissue of the body region 510 to a second
depth 5704.

In some embodiments, as illustrated in FI1G. 5B, the injec-
tion needle may reach a stop point when the needle hub 580
comes in contact with the outer surface 530 of the wearable
injection guide 500. The needle hub 580 (or syringe adapter)
can be located at the proximal end of the injection needle 560
(also see FIG. 1B) and used to attach the injection needle to
the barrel of a syringe by means of a press-fit or a twist-on
mechanism.

In some embodiments, as illustrated in FIG. 5C, the outer
surface 530 of the wearable injection guide 500 can include a
downward tapered access surface 590. In an embodiment, the
downward tapered access surface 590 can be used to help
direct an injection needle 560 towards the center of an injec-
tion site defined by the one or more fiducials. In some
embodiments, the downward tapered access surface 590 of
the outer surface 530 accommodates the injection needle 560
to a stop point dependent upon the size of the needle hub 580
or the diameter of the syringe 585, allowing the injection
needle 560 to penetrate the underlying tissue of the body
region 510 to a specific depth 570.

In some embodiments, at least one of the one or more
fiducials indicative of a treatment parameter is placed so as to
coincide with one or more portions of the outer surface of the
wearable injection guide, e.g., at one or more of at least a first
needle depth-limiting distance or one or more of at least
second needle depth-limiting distance between the outer and
inner surfaces of the rigid needle-penetrable material.

In some embodiments, the depth to which an injection
needle is injected through the wearable injection guide and
into the underlying tissue of the body region is dependent
upon both the specific features of the body region and on the
injectable agent being injected at said injection site. For
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example, specific features of an individual’s face could dic-
tate injection depth, including the severity of lines or wrinkles
and/or the thickness of the tissue layers at any given injection
site. Dermal thickness in most areas of the face is less than 1
mm thick. For example, the thickness of the epidermis (top
layer of skin) is about 0.05 mm near the eye lids while the
epidermis on the rest of the face is on average of about 0.1 to
0.3 mm. In addition, the injection depth may be dependent
upon the age of the individual, as the tissue layers thin with
increasing age. Furthermore the depth may be dependent
upon the injectable agent being injected and the type of tissue
into which said injectable agent is injected. For example, a
dermal filler, e.g., hyaluronic acid, can be injected into the
superficial papillary dermis for treating fine wrinkles and
scars, but is injected deeper into the reticular dermis for
deeper lines. Similarly, bovine or human collagen filler is
injected into the papillary and middle dermis to treat fine lines
and wrinkles in, e.g., the perioral area (e.g., the cutaneous
upper lip), the periorbital area, and glabella of the face. Poly-
methylmethacrylate microspheres filler can be injected sub-
dermally, e.g., into the border of the dermis and subcutaneous
fat, to treat rhytids and scars. The botulinum neurotoxin, for
example, is injected to about 2 to 3 mm below the surface of
the skin.

In some embodiments, the at least one injectable agent is
injected into the muscle of the underlying tissue of the body
region of the individual. Non-limiting examples of injectable
agents that are injected intramuscularly include neurotoxins,
codeine, morphine, methotrexate, metoclopramide, olanzap-
ine, streptomycin, diazepam, prednisone, penicillin, inter-
feron beta-1a, testosterone, estradiol, dimercaprol, ketamine,
Lupron, maloxone, quinine, vitamin B12, Gardasil, hepatitis
A vaccine, rabies vaccine, and influenza vaccine.

In some embodiments, the at least one injectable agent is
injected subcutaneously. Non-limiting examples of injectable
agents that are injected subcutaneously include insulin, mor-
phine, diacetylmorphine, and goserelin.

In some embodiments, the at least one injectable agent is
injected intradermally. Non-limiting examples of injectable
agents that are injected intradermally include influenza vac-
cines, tuberculosis skin tests, and allergy shots.

In some embodiments, the wearable injection guide can
further include one or more agents dispensed to the individu-
al’s skin, exemplary aspects of which are illustrated in FIGS.
6A-6D. FIGS. 6A-6D illustrate a cross-sectional view of a
wearable injection guide 600 that includes an inner surface
620 having form-fitting contours substantially conforming to
the topography of a body region 610 of an individual and an
outer surface 630. FIG. 6A illustrates a cross-sectional view
of' an embodiment of wearable injection guide 600 in which
the inner surface 620 of the wearable injection guide 600 is
coated or impregnated with one or more agents 650 capable of
dispersing from the inner surface 620 to an underlying tissue
of the body region 610. In some embodiments, the one or
more agents 650 are added as a thin coating over the inner
surface 620 of the wearable injection guide 600 either at the
time of manufacture or just prior to use. In some embodi-
ments, the one or more agents 650 are impregnated into an
inner surface 620 of wearable injection guide 600 that is
highly porous. In some embodiments, the one or more agents
650 are released from the inner surface 620 of the wearable
injection guide 600 in a time-dependent manner, being fully
dispersed over the course of a treatment period. For example,
the one or more agents 650 incorporated into a porous inner
surface 620 of a wearable injection guide 600 may leach out
from the inner surface and onto the underlying tissue of the
body region at a rate dependent upon the porosity of the
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wearable injection guide, with more rapid release from larger
pores relative to release from smaller pores. In some embodi-
ments, the one or more agents 650 can be dispersed from the
inner surface 620 of the wearable injection guide 600 over the
course of a treatment period lasting from about 5 minutes to
about 120 minutes, e.g., the time spent in a physician’s or
other practitioner’s office receiving treatment. It is also con-
templated that the treatment time could be shorter than 5
minutes or longer than 120 minutes and take place in the
context of self-treatment with an injectable agent.

In some embodiments, release of the one or more agents
650 from the inner surface 620 of the wearable injection guide
600 is initiated by one or more stimulus such as, for example,
exposure to light, skin pH, and/or temperature. For example,
the one or more agents can be released from the inner surface
620 of wearable injection guide 600 in response to exposure
to normal skin surface temperature, e.g., about 31 degrees
Centigrade to about 35° degrees Centigrade. For example, the
one or more agents can be released from the inner surface 620
of wearable injection guide 600 in response to heating the
wearable injection guide prior to deployment onto the indi-
vidual. Rozman et al. describe a non-limiting example of a
temperature-sensitive microemulsion for delivery of an agent
(see, e.g., Rozman, et al., AAPS PharmSciTlech (2009) 10:54-
61, which is incorporated herein by reference). For example,
the one or more agents can be released from the inner surface
620 of wearable injection guide 600 in response to exposure
to normal skin pH, e.g., about pH 5.4. Non-limiting examples
of pH sensitive delivery systems are described in Slepushkin
etal., J Biol. Chem. (1997) 272:2382-2388, which is incor-
porated herein by reference. In some embodiments, the one or
more agents can be released from the inner surface of the
wearable injection in response to exposure to ambient light or
other light source. Non-limiting examples of light-triggered
delivery systems are described in Yavlovich et al.,, Mol
Membr. Biol. (2010) 27:364-381, which is incorporated
herein by reference. In some embodiments, the one or more
agents 650 are released from the inner surface 620 of the
wearable injection guide 600 immediately after removal of a
cover that otherwise prevents premature release of the one or
more agents 650.

FIG. 6B illustrates a cross-sectional view of an embodi-
ment of a wearable injection guide 600 that includes at least
one agent-containing reservoir 660 containing one or more
agents 650. The at least one agent-containing reservoir 660 is
preferably positioned on or near the inner surface 620 of the
wearable injection guide 600 and in close proximity to the
surface of a body region 610. The at least one agent-contain-
ing reservoir 660 can include one or more agents 650 config-
ured to be released from the at least one agent-containing
reservoir 660 and on to the underlying surface of a body
region 610. In some embodiments, the one or more agents 650
are released from the at least one agent-containing reservoir
660 prior to injection of the one or more needles into the
underlying tissue of the body region 610. For example, the
one or more agents 650 can include one or more analgesic
agents released from the at least one agent-containing reser-
voir 660 prior to injection of the one or more needles to
mitigate any pain associated with needle injection. The agent-
containing reservoir may have a seal, e.g., an adhesive film or
tape, which is removed just prior to deploying the wearable
injection guide, allowing for release of the one or more
agents. In some embodiments, the one or more agents 650 are
released from the at least one agent-containing reservoir 660
at any time prior, during and/or following insertion of the one
or more injection needles through the wearable injection
guide and into an underlying tissue of the body region of the
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individual. The timing for release of the one or more agents
650 from the at least one agent-containing reservoir 660 is
dependent upon the nature of the one or more agents 650 and
the type of treatment. In some embodiments, the at least one
agent-containing reservoir 660 is incorporated into the rigid
material at or near at least one of the one or more injection
needle access regions. In some embodiments, the at least one
agent-containing reservoir 660 is in close proximity to the one
or more injection needle access regions. In some embodi-
ments, the at least one agent-containing reservoir 660 is incor-
porated into at least one of the one or more injection needle
access regions.

FIG. 6C illustrates a cross-sectional view of an embodi-
ment of a wearable injection guide 600 including one or more
agents 650 contained in layer 605 between the inner surface
620 and the outer surface 630 of wearable injection guide
600. Upon insertion of a needle 670 through wearable injec-
tion guide 600, the one or more agents 650 are released from
layer 605 of the wearable injection guide 600 and onto or into
the underlying tissue of body region 610. For example, the
injection needle may be coated with the agent as it passes
through the wearable injection guide, carrying the agent into
the underlying tissue of the body region during the injection
process. In this way, an analgesic or antiseptic, for example,
can be released in concert with injection of one or more
needles into the underlying tissue of the body region 610. In
some embodiments, at least a portion of layer 605 between
the inner surface 620 and the outer surface 630 includes a
single needle-penetrable reservoir containing one or more
agents 650. In some embodiments, at least a portion of layer
605 includes multiple needle-penetrable reservoirs wherein
only one of the multiple needle-penetrable reservoirs is punc-
tured at any given time during insertion of needle 670.

FIG. 6D illustrates a cross-sectional view of a wearable
injection guide 600 including one or more agents 650 con-
tained within one or more injection needle access regions 640
of the wearable injection guide 600. The one or more agents
650 contained within the one or more injection needle access
regions 640 are released onto or into the underlying tissue of
the body region 610 upon insertion of needle 670. In an
embodiment, the one or more agents can be contained in a
reservoir, e.g., a needle-penetrable bubble-like reservoir,
which is inserted into the injection needle access region fol-
lowing manufacture. In an embodiment, the one or more
agents can be contained in a gel placed into one or more of the
injection needle access regions. The gel can include, but is not
limited to, one or more of a cationic polymer, a hydrogel, or
organogel. In this way, an analgesic or antiseptic, for
example, can be released in concert with needle injection into
the underlying tissue of the body region 610.

In some embodiments, the one or more agents released
from the wearable injection guide include one or more anal-
gesics for reducing pain associated with the injection treat-
ment. Non-limiting examples of analgesics include lidocaine,
prilocalne, tetracaine, cocaine, pramoxine, dibucaine, ben-
zocaine, dyclonine, a NSAID, or an opiate. For example,
lidocaine, either alone or in combination with prilocalne as a
eutectic mixture (2.5% lidocaine/2.5% prilocalne) can be
used to ease the acute pain of needle insertion (see, e.g.,
McCleane, Curr. Opin. Anesthesiol., (2010) 23:704-707;
Kundu & Achar, Am. Fam. Physician (2002) 66:99-102,
which are incorporated herein by reference).

In some embodiments, the at least one analgesic can
include one or more of a vapocoolant or skin refrigerant, e.g.,
menthol; ethyl chloride; dichlorodifluromethane mixed with
trichloromonofluoromethane; or pentafluoropropane mixed
with tetrafluoroethane; and the like.
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In some embodiments, the one or more agents released
from the wearable injection guide include one or more of a
disinfectant, antiseptic or sterilant for disinfecting the surface
of'the body region prior to or during injection of the injectable
agent. Non-limiting examples of disinfectants, antiseptics
and/or sterilants include isopropanol, silver compounds,
ethanol, povidone, iodine, glutaraldehyde, formaldehyde,
chlorhexidine gluconate, sodium hypochlorite, quaternary
ammoniums compounds, hydrogen peroxide, and phenols.

In some embodiments, the one or more agents released
from the wearable injection guide include one or more thera-
peutic agents. Non-limiting examples of therapeutic agents
include retinoids, corticosteroids, chemotherapeutics, anti-
microbials (i.e., antibacterial agents, antiviral agents, or anti-
fungal agents).

In some embodiments, the one or more agents released
from the wearable injection guide include at least one retin-
oid. Retinoids can be used for treating various conditions of
the skin including, but not limited to, acne, psoriasis, photo-
damaged skin and cancers including AIDS-related Kaposi’s
sarcoma and cutaneous T-cell lymphoma. Non-limiting
examples of retinoids for topical use include alitretinoin,
bexarotene, adapalene, tazarotene, and isotretinoin.

In some embodiments, the one or more agents released
from the wearable injection guide include at least one corti-
costeroid. Corticosteroids can be used for treating various
inflammatory dermatoses including, but not limited to, atopic
dermatitis, psoriasis, lupus erythematosus, and the like. Non-
limiting examples of corticosteroids for topical use include
hydrocortisone and derivatives, betamethasone and deriva-
tives, dexamethasone, prednisolone and derivatives, fluoci-
nolone acetonide, fluorometholone, alclometasone dipropi-
onate, triamcinolone acetonide, clocortolone pivalate,
flumethasone pivalate, mometasone furoate, flurandrenolide,
prednicarbate, fluticasone propionate, desonide, halcinonide,
desoximetasone, flurandrenolide, fluocinonide, amcinonide,
fluocinolone acetonide, and diflorasone diacetate.

In some embodiments, the one or more agents released
from the wearable injection guide include at least one che-
motherapy agent for treating a cancer or other condition the
body region. Non-limiting examples of chemotherapy agents
for topical use include fluorouracil used for treating actinic
keratoses and some types of basal cell carcinomas of the skin.
In an embodiment, the at least one chemotherapy agent
includes an immunomodulator, non-limiting examples of
which include imiquimod, tacrolimus and pimecrolimus. In
an embodiment, the at least one chemotherapy includes at
least one agent for modulating pigmentation, non-limiting
examples of which include hydroquinone, monobenzene,
mequinol, trioxsalen and methoxsalen.

In some embodiments, the one or more agents released
from the wearable injection guide include one or more anti-
microbial agents. The one or more antimicrobial agents can
further include at least one of an antibacterial agent, antiviral
agent, or antifungal agent.

In some embodiments, the one or more antimicrobial
agents released from the wearable injection guide include at
least one antibacterial agent configured to prevent or mini-
mize bacterial infection on the surface of the body region. In
some embodiments, the at least one antibacterial agent
released from the wearable injection guide is configured to
prevent or minimize bacterial infection associated with
injecting one or more injectable agents into the underlying
tissue of the body region. In some embodiments, the at least
one antibacterial agent released from wearable injection
guide is configured to treat or prevent or minimize other
bacterial infections on the individual’s skin such as those
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associated with acne or rosacea, for example. Non-limiting
examples of antibacterial agents commonly used for topical
applications include benzoyl peroxide, sodium sulfaceta-
mide, erythromycin, mupirocin, retapamulin, bacitracin, neo-
mycin, polymyxin b/e, silver sulfadiazine, or tetracycline.

In some embodiments, the one or more antimicrobial
agents released from the wearable injection guide include at
least one antiviral agent to prevent or treat a viral infection.
For example, the at least one antiviral agent can be released
from the wearable injection guide to prevent or treat a viral
infection on the individual’s face such as that associated with
herpes simplex types 1 and 2. Non-limiting examples of anti-
viral agents commonly used for topical applications include
acyclovir, docosanol, famciclovir, imiquimod, penciclovir,
valacyclovir, and vidarabine.

In some embodiments, the one or more antimicrobial
agents released from the wearable injection guide include at
least one antifungal agent to prevent or treat fungal infection
on the individual’s skin. In some embodiments, the at least
one antifungal agent is released from the wearable injection
guide to prevent or treat a fungal infection on the individual’s
face such as that associated with rosacea, for example. Non-
limiting examples of antifungal agents commonly used for
topical applications include amphotericin B, butaconazole,
butenafine, ciclopirox olamine, clotrimazole, econazole,
ketoconazole, miconazole, naftifine, natamycin, nystatin,
oxiconazole, sulconazole, terbinafine, terconazole, tiocona-
zole, tolnaftate, and metronidazole.

The one or more agents included in either at least one
agent-containing reservoir or coated or impregnated on the
inner surface of the wearable injection guide can further
include a formulation. In some embodiments, the one or more
agents can be formulated as part of a stimulus responsive
polymer or gel, as described above herein. In some embodi-
ments, the one or more agents can be formulated as polymers,
gels, microparticles, nanoparticles, or solutions.

The wearable injection guide further includes means for
immobilizing the wearable injection guide onto a body region
of an individual. In some embodiments, the means for immo-
bilizing the wearable injection guide can include a reversible
adhesive on a surface of the rigid material of the wearable
injection guide. The reversible adhesive can be incorporated
into or released from the inner surface of the wearable injec-
tion guide. In some embodiments, the reversible adhesive can
be one or more pressure sensitive adhesive, e.g., adhesive
tape, applicable for skin contact. Non-limiting examples of
adhesives designed for healthcare use include any of a num-
ber of silicone-based pressure sensitive adhesives from, for
example, Dow Corning, Midland, Mich. or 3M, St. Paul,
Minn.

In some embodiments, the reversible adhesive can be
applied to at least a portion of the surface of the body region
of'the individual prior to placement of the wearable injection
guide onto the body region. In an embodiment, the adhesive is
simply a gel, e.g., a skin lotion or petroleum jelly, which
causes the wearable injection guide to stay in one place on the
surface of the body region. In an embodiment, the reversible
adhesive is mixed with one or more other agent, e.g., an
analgesic agent and/or an antiseptic agent.

In some embodiments, the means for immobilizing the
wearable injection guide on the body region of an individual
can include one or more body portion-encircling piece. FIG.
7 illustrates a non-limiting example of a wearable injection
guide 700 strapped to a body region 710 of an individual’s
face. The one or more body portion-encircling piece, e.g.,
straps 705 can be secured at one or both ends to attachment
sites 725 associated with the wearable injection guide 700.
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The one or more straps 705 can be secured in one or more
directions around the individual’s head 715. Alternatively, the
one or more straps 705 can be secured around the ears. The
one or more straps 705 can include one or more of an elastic
strap, leather strap, plastic strap or other material suitable for
a strap. The one or more straps 705 can further include one or
more attaching devices. Non-limiting examples of attaching
devices include one or more buckles, snaps, buttons, or other
interlocking attaching devices. In some embodiments, the
one or more straps adjustably adhere to one another using
hook and loop surfaces, e.g., Velcro®. The wearable injection
guide 700 is kept immobilized on the body region 710, allow-
ing for insertion of one or more injection needles 750 through
the one or more injection needle access regions 720 and/or the
one or more fiducials 740 and into an underlying tissue of the
body region 710. Similar body portion-encircling pieces are
contemplated for immobilizing a wearable injection guide to
other parts of an individual’s body, e.g. the torso, abdomen,
head, neck, lower extremities, upper extremities, buttocks,
and/or any other body region accessible for injection.

The body portion-encircling piece can further include
other means of immobilizing the wearable injection guide to
the body region of the individual such as, for example, a
sleeve or a clamp. For example, the wearable injection guide
may be incorporated into a sleeve that fits over an upper or
lower extremity or around the neck. In some embodiments,
the wearable injection guide may be incorporated into a piece
of clothing, e.g., a shirt or shorts, that allows the wearable
injection guide to be firmly kept in place on the surface of the
body region. For example, the wearable injection guide may
include a clamp in the shape of'a “C” that fits snuggly around
an upper or lower extremity.

In some embodiments, the means for immobilizing the
wearable injection guide can include a portion of the wear-
able injection guide that is inserted into the individual’s
mouth and held in place with the teeth. In some embodiments,
the means for immobilizing the wearable injection guide can
include one or more prongs extending from the inner surface
of'the wearable injection guide that insert into each nostril of
the individual’s nose.

In some embodiments, the wearable injection guide can
further include one or more alignment marks configured to
align with one or more reference points on the body region of
the individual. In some embodiments, the wearable injection
guide can include one or more alignment marks configured to
align with one or more reference marks placed on a surface of
the body region of the individual. For example, the one or
more alignment marks may be configured to align with one or
more reference marks placed on the surface of the body
region by a physician, other practitioner or the individual. In
some embodiments, the wearable injection guide can include
one or more alignment marks configured to align with one or
more topographical landmarks of the body region. Examples
of topographical landmarks include but are not limited to
pigmentation, a pigmented area, e.g., freckle, mole, or birth-
mark, a skin texture pattern, a tattoo, a subsurface blood
vessel, an anatomical feature, an eye, a nose, or lips. In some
embodiments, at least a portion of the rigid material of the
wearable injection guide may be transparent near the one or
more alignment marks to facilitate alignment of the align-
ment marks with one or more underlying reference points on
the body region.

In some embodiments, the wearable injection guide can
further include a barcode or radiofrequency identification tag
for verifying that a given wearable injection guide is suitable
for a given individual. For example, a barcode specific for a
given individual may be placed on the wearable injection
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guide either during or after manufacturing and used to verify
who the wearable injection guide was designed and manufac-
tured for. Similarly, a radiofrequency identification tag may
be placed on the wearable injection guide following manu-
facture and used for verifying appropriate use with a given
individual.

The wearable injection guide can further include a thermal-
regulating mechanism. The thermal-regulating mechanism
can be used to alter the temperature of the wearable injection
guide to a temperature above or below about 98.6 degrees
Fahrenheit (° F.) (37 degrees centigrade (° C.)).

In some embodiments, the thermal-regulating mechanism
is a cooling mechanism configured to reduce the temperature
of'the wearable injection guide to a temperature below about
98.6° F. (37° C.) or normal body temperature. The cooling
mechanism can be configured to reduce pain during needle
injection and/or to prevent potential swelling following
needle injection. In an embodiment, the wearable injection
guide can include a material having a relatively high heat
capacity, e.g., a ceramic material or a gel, and may notneed a
separate cooling mechanism. For example, following refrig-
eration, the wearable injection guide containing or formed
from a high heat capacity material can maintain a cool tem-
perature while in contact with the body region for an extended
period of time. In some embodiments, the wearable injection
guide is cooled by placing the wearable injection guide in a
cooling device prior to placement on a body region of an
individual. For example, the wearable injection guide can be
stored in a cooling device until use. Alternatively, the wear-
able injection guide can be placed into the cooling device just
prior to use for a sufficient time to cool the wearable injection
guide to an appropriate temperature. The cooling temperature
can be about 10° C. to about 0° C. It is understood that the
cooling temperature can fall outside this range, but is con-
templated to be sufficiently cool enough to reduce pain and
swelling but not so cold as to be painful or damaging to the
underlying tissue of the body region. Non-limiting examples
of cooling devices for this purpose include a refrigerator, a
freezer, or an ice bath.

In some embodiments, the wearable injection guide is
cooled by incorporating a cooling mechanism directly into
and/or on the wearable injection guide. In an embodiment, the
cooling mechanism can include a chemical endothermic reac-
tion using, for example, water and ammonium nitrate. For
example, the components of a chemical endothermic reaction
can be included in or on the inner surface of the wearable
injection guide and activated upon removal of the wearable
injection guide from a protective wrap. In an embodiment, the
cooling mechanism can include thermoelectric cooling with,
for example, a Peltier cooling device. Components of a Peltier
cooling device can be incorporated into the inner surface of
the wearable injection guide.

In some embodiments, the thermal-regulating mechanism
is a heating mechanism configured to raise the temperature of
the wearable injection guide to a temperature above about
98.6° F. (37° C.). The heating mechanism can be configured
to increase vasodilation and/or circulation in the underlying
tissue covered by the wearable injection guide prior to, dur-
ing, and/or after injection of an injectable agent. In an
embodiment, the wearable injection guide can include a
material having a relatively high heat capacity, e.g., a ceramic
material, and may not need a separate heating mechanism.
For example, following heating in a warming oven, the wear-
able injection guide containing or made from a high heat
capacity material can maintain a warm temperature while in
contact with the body region for an extended period of time.
In some embodiments, the wearable injection guide is
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warmed by heating the wearable injection guide in a heating
device prior to placement onto a body region of an individual.
For example, the wearable injection guide can be stored in a
heating device until use. Alternatively, the wearable injection
guide can be placed into the heating device just priorto use for
a sufficient time to heat the wearable injection guide to an
appropriate temperature. The heating temperature can be
about 40° C. to about 45° C. It is understood that the heating
temperature can fall outside this range, but is contemplated to
be sufficiently hot enough to increase circulation but not so
hotas to be painful or damaging to the underlying tissue of the
body region. Non-limiting examples of heating devices for
this purpose include a warming oven, a microwave, or hot
water bath.

In some embodiments, the wearable injection guide is
heated by incorporating a heating mechanism directly into
and/or on the wearable injection guide. In an embodiment, the
heating mechanism can include a chemical exothermic reac-
tion using, for example, components of an air-activated, iron-
based warmer including a combination of cellulose, iron,
activated carbon, vermiculite and salt. For example, the com-
ponents of a chemical exothermic reaction can be included in
or on the inner surface of the wearable injection guide and
activated upon removal of the wearable injection guide from
a protective wrap. In an embodiment, the heating mechanism
can include thermoelectric heating with, for example, a
Peltier heating device. Components of a Peltier heating
device can be incorporated into the inner surface of the wear-
able injection guide.

In some embodiments, a wearable injection guide includes
a rigid material substantially impenetrable to an injection
needle, the rigid material including one or more injection
needle access regions arranged in a treatment pattern, the one
ormore injection needle access regions including one or more
activatable injection event indicators. The one or more acti-
vatable injection event indicators are configured to allow the
user of the wearable injection guide to determine which of the
injection needle access regions have been previously used for
insertion of an injection needle and consequently which por-
tions of the underlying body region have previously been
injected. In addition, the one or more activatable injection
event indicators are configured to allow the user of the wear-
able injection guide to determine how many previous injec-
tions have been completed and where. For example, the acti-
vatable injection event indicators can indicate where insulin
has previously been injected into the lower abdomen or the
upper thigh. Repeatedly injecting insulin near the same place
can lead to hard lumps or extra fatty deposits, and as such
should be avoided. In some embodiments, the one or more
activatable injection event indicators can include one or more
pressure sensitive materials, e.g., one or more pressure sen-
sitive dyes. In some embodiments, the one or more activatable
injection event indicators can include one or more flowable
materials, e.g., dyes, released upon penetration of'an injection
needle through the wearable injection guide. In some embodi-
ments, the one or more activatable injection event indicators
can include one or more materials activated by exposure to
air, e.g., exposure to oxygen or moisture in the atmosphere.

FIG. 8 illustrates an embodiment of a wearable injection
guide with one or more activatable injection event indicators.
The wearable injection guide 800 comprises rigid material
810 deployed on a body region 820 of an individual. The rigid
material 810 of wearable injection guide 800 includes one or
more injection needle access regions 830. The one or more
injection needle access regions 830 include an activatable
injection event indicator in a first state 840a or in a second
state 8405. In some embodiments, the one or more activatable
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injection event indicators include one or more materials
stored in a needle-penetrable reservoir incorporated into a
least one of the one or more injection needle access regions.
The one or more materials stored in the needle-penetrable
reservoir can include, but are not limited to, one or more
flowable dyes, one or more of an oxygen sensitive, or one or
more of a moisture sensitive dye.

In some embodiments, an activatable injection event indi-
cator in a first state 840a has a first color and the activatable
injection event indicator in a second state 8405 has a second
color. The transition from the first state 840a to the second
state 8405 can be triggered by insertion of an injection needle
through the injection needle access region 830, resulting in a
color change detectable by the user. In some embodiments,
the transition from the first state 8404 to the second state 8405
is triggered by releasing one or more material from the injec-
tion needle access region 830. In some embodiments, the one
or more material released from the injection needle access
region is a flowable dye that either flows away from the
injection needle access region and leaving it “colorless” or
stains an otherwise colorless injection needle access region.
In some embodiments, the one or more material released from
the injection needle access region changes color in response
to air, e.g., in response to oxygen or moisture in the atmo-
sphere. Non-limiting examples of dyes or other materials that
change color in response to oxygen include materials includ-
ing methylene blue (see, e.g., U.S. Pat. No. 4,526,752, which
is incorporated herein by reference). Non-limiting examples
of dyes or other materials that change color in response to
moisture include materials including cobalt, e.g., cobaltous
chloride (see, e.g., U.S. Pat. No. 4,990,284, which is incor-
porated herein by reference). In some embodiments, the
injection needle can puncture a seal that permits two or more
materials to come into contact with each other thereby pro-
viding a colorimetric change or indicator. Other embodi-
ments include using an indicator paper layer, e.g., pH paper,
which is physically separated from a layer of a slightly basic
or slightly acidic liquid, e.g., acetic acid, or baking soda and
water. Once punctured by the injection needle, the liquid
contacts the indicator paper, causing the indicator paper to
change color.

In some embodiments, an activatable injection event indi-
cator in a first state 840a represents an intact portion of the
injection needle access region 830 while the second state
8405 represents a ruptured portion of the injection needle
access region 830. For example, the one or more activatable
injection event indicators can include one or more needle-
penetrable membranes covering at least a portion of one or
more surfaces of the wearable injection guide. The difference
between the first state 8404 and the second state 8405 can be
differentiated by the user based on sight or based on touch.

FIGS. 9A-9C illustrate cross-sectional views of an
embodiment of a wearable injection guide with one or more
activatable injection event indicators that include one or more
flowable dyes. FIG. 9A illustrates a cross-sectional view of
wearable injection guide 900 prior to insertion of an injection
needle, the wearable injection guide 900 comprised of rigid
material 910 and deployed on a body region 920 of an indi-
vidual. Rigid material 910 includes one or more injection
needle access regions 930. The one or more injection needle
access regions 930 include at least one needle-penetrable
reservoir 940 that contains one or more flowable dyes 950. In
some embodiments, the needle-penetrable reservoir contains
one or more agents, as described herein, as well as the one or
more flowable dyes. For example, the needle-penetrable res-
ervoir may include one or more analgesic as well as one or
more flowable dyes. FIG. 9B is a cross-sectional view of
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penetration of injection needle 960 through the rigid material
910 of the wearable injection guide 900 at one of the one or
more injection needle access regions 930 and into the under-
lying tissue of body region 920 of an individual. Injection
needle 960 punctures the needle-penetrable reservoir 940,
releasing one or more flowable dyes 950. FIG. 9C illustrates
flow of one or more flowable dyes 950 out of needle-pen-
etrable reservoir 940 after injection needle 960 has been
removed from injection-needle access region 930. In some
embodiments, the one or more flowable dyes flow laterally
between the inner surface of the wearable injection guide and
the surface of the body region. In some embodiments, the one
ormore flowable dyes are carried into the underlying tissue of
the body region with insertion of the injection needle.

FIGS. 10A-10C illustrate cross-sectional views of an
embodiment of a wearable injection guide 1000 with one or
more activatable injection event indicators that include one or
more pressure sensitive materials. FIG. 10A illustrates a
cross-section through wearable injection guide 1000 prior to
insertion of an injection needle, the wearable injection guide
1000 composed of rigid material 1010 and deployed on a
body region 1020 of an individual. Rigid material 1010
includes one or more injection needle access regions 1030.
The one or more injection needle access regions 1030 include
an upper portion 1040 with one or more pressure sensitive
materials in a first state 1050a. FIG. 10B illustrates a cross-
sectional view of wearable injection guide 1000 composed of
rigid material 1010 through which injection needle 1060 has
been inserted. As a result of inserting injection needle 1060
through the upper portion 1040 of the one or more injection
needle access regions 1030, the one or more pressure sensi-
tive materials of upper portion 1040 shift to a second state
10505. The first state 10504 is activatable to the second state
10505 by pressure exerted during insertion of injection needle
1060. In some embodiments, the shift from first state 1050a to
second state 10505 may be accompanied by a change in color
detectable by a user of the wearable injection guide 1000.
FIG. 10C illustrates a cross-sectional view of wearable injec-
tion guide 1000 composed of rigid material 1010 and
deployed on a body region 1020 of an individual after with-
drawal ofinjection needle 1060. The wearable injection guide
1000 has upper portion 1040 in a first state 10504, e.g., a first
color, indicative of an injection needle access region 1030 that
has not been accessed and has upper portion 1040 in a second
state 10505, e.g., a second color, indicative of an injection
needle access region that has been accessed. It is contem-
plated that the pressure sensitive materials can be incorpo-
rated into any portion, e.g., upper, middle, lower or through-
out, the one or more injection needle access regions. In some
embodiments, the one or more pressure sensitive materials
are incorporated near the one or more injection needle access
regions. For example, the one or more pressure sensitive
materials can be incorporated into at least a portion of the
outer surface of the rigid material that is contacted by a needle
hub or syringe body associated with an injection needle when
the injection needle is inserted to a stop point through the rigid
material at an injection needle access region defined by an
opening.

One or more pressure sensitive materials can be incorpo-
rated into the wearable injection guide for use as an activat-
able injection event indicator. In some embodiments, pressure
sensitive dye chemistries can be applied directly to the wear-
able injection guide or applied as a film that is layered into or
onto the wearable injection guide. Various carrier plastics
and/or layers, e.g., polyester can be used as carrier layers for
pressure sensitive dyes.
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In some embodiments, the one or more pressure sensitive
materials include encapsulated single or multiple component
dye systems wherein the coating of the encapsulated dye
system ruptures in response to a specific pressure, releasing
the encapsulated dye. In some embodiments, the one or more
pressure sensitive materials include polymeric dyes that
undergo a conformational change in response to an exerted
pressure. In some embodiments, the one or more pressure
sensitive materials include a diffusion based dye system in
which a dye is induced to diffuse vertically and/or horizon-
tally, e.g., through a porous diffusion layer, in response to an
exerted pressure. In some embodiments, the one or more
pressure sensitive materials include hydrochromatic dyes in
which exerted pressure causes movement of an aqueous
medium to come into contact with a hydrochromatic dye
layer. In some embodiments, the one or more pressure sensi-
tive materials include phase change compositions in which
exerted pressure induces a chemical composition to undergo
atransition from one physical state to a second physical state,
e.g., irreversible crystallization of a liquid material in
response to exerted pressure with an associated color change.

Non-limiting examples of pressure sensitive materials
include encapsulated dyes and dye systems, polyacetylenes,
leuco dyes, solvent chemically initiated color change sys-
tems, frictionally sensitive dyes, separated dye layers, parti-
tion dyes, electron transfer dyes, two-component chemical
dyes, organic and inorganic color change dye systems, acid/
base dye systems, melting waxes, sublimation dyes and the
like.

In some embodiments, the one or more pressure sensitive
materials include encapsulated leuco dye compositions. For
example, a dye and an activator can be separately encapsu-
lated in microspheres and affixed to a surface of the wearable
injection guide. The combination of the encapsulated dye
microspheres and the activator microspheres are otherwise
colorless or of a first color, but upon exposure to an exerted
pressure, the capsules break, the dye and activator combine,
resulting in a detectable color change. Encapsulated dyes for
this purpose are commercially available (from, e.g., NuCoat,
Inc., Minneapolis, Minn.; Appleton Papers, Inc., Appleton,
Wis.; Mircotek Laboratories, Inc., Dayton, Ohio).

In some embodiments, a wearable injection guide includes
a rigid needle-penetrable material having an inner surface,
and outer surface, and one or more activatable injection event
indicators, the inner surface having form-fitting contours sub-
stantially conforming to a topography of a body region of an
individual and the outer surface including one or more fidu-
cials indicative of at least on treatment parameter. The one or
more activatable injection event indicators are configured to
allow the user of the wearable injection guide to determine
where the rigid needle-penetrable material has been accessed
with an injection needle and consequently which portions of
the underlying body region have previously been injected. In
some embodiments, the one or more activatable injection
event indicators are positioned on top of at least a portion of
the outer surface of the rigid-needle penetrable material. In
some embodiments, the one or more activatable injection
event indicators are incorporated into at least a portion of the
outer surface and/or inner surface of the rigid needle-pen-
etrable material. In some embodiments, the one or more acti-
vatable injection event indicators are incorporated into at
least a portion of the rigid needle-penetrable material
between the outer surface of the rigid-needle penetrable
material and the inner surface of the rigid-needle penetrable
material. The one or more activatable injection event indica-
tors can be incorporated into at least one of a coating, a film,
alayer, or aninjection needle-penetrable reservoir. The one or
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more activatable injection event indicators can include at least
one pressure sensitive material, pressure sensitive dye, flow-
able dye, oxygen-sensitive dye, or moisture sensitive dye, or
combinations thereof.

FIGS. 11A-11C illustrate cross-sectional views of an
embodiment of a wearable injection guide 1100 with one or
more activatable injection event indicators that include one or
more pressure sensitive materials. FIG. 11A illustrates a
cross-section through wearable injection guide 1100 com-
posed of needle-penetrable material 1110 and deployed on a
body region 1120 of an individual. The wearable injection
guide 1100 further includes a layer of pressure sensitive mate-
rial in a first state 1130. The pressure sensitive material in a
first state 1130 can be colorless or a first color. FIG. 11B
illustrates a cross-section through a wearable injection guide
1100 composed of needle-penetrable material 1110 through
which injection needle 1150 has been inserted. As a result of
inserting injection needle 1150 through the layer of pressure
sensitive material and the needle-penetrable material 1110, a
portion of the pressure sensitive material in a first state 1130
has changed to a pressure sensitive material in a second state
1140 that differs from the first state 1130. The pressure sen-
sitive material in a second state 1140 can be colorless, a first
color or a second color. FIG. 11C illustrates a cross-sectional
view of wearable injection guide 1100 composed of rigid
material 1110 and deployed on a body region 1120 of an
individual after withdrawal of injection needle 1150. The
wearable injection guide 1100 has a layer of pressure sensi-
tive material in a first state 1130, e.g., a first color, indicative
of an area of the wearable injection guide 1100 that has not
been accessed and has a portion of the pressure sensitive
material in a second state 1140 that has changed to a second
state that differs from the first state, e.g., a second color,
indicative of where an injection needle has previously been
inserted.

In some embodiments, the one or more pressure sensitive
materials include pressure sensing films that can be incorpo-
rated onto or into the wearable injection guide. Non-limiting
examples of pressure sensing films include carbon papers,
Fujifilm Prescale™ pressure sensing film (extreme low pres-
sure sensitive films to super high pressure sensitive films;
from FujiFilm, distributed by Tekscan, Boston, Mass.), and/
or Pressurex® films (from Sensor Products Inc., Madison,
N.J.) can be utilized by way of example as film layers that can
be incorporated into a laminated layer.

Additional examples of pressure sensitive materials
include, but are not limited to those dyes disclosed in U.S. Pat.
No. 5,990,199 and U.S. Patent Application 2010/0326198,
which are incorporated herein by reference. Other examples
include, but are not limited to, tamper evident dyes that
respond to a pressure event through a color change, security
inks that can be printed in a particular manner or pattern,
indicator inks used in sterilization processes, tactile pressure
indicating films, inks used in pressure mapping, compressible
“puff” inks made with ink additives used for printing
expanded patterns and print, dye migration inks where dyes
migrate only under pressure, dye transfer inks where dyes
transfer only under pressure.

In some embodiments, the activatable event indicators can
be openings defined by the rigid material of the wearable
injection guide indicating that injection has already been
made into that site. FIGS. 12A-12C illustrate an embodiment
of a wearable injection guide that includes an activatable
event indicator that is the opening defined by the rigid mate-
rial left after inserting and then removing an injection needle.
FIG. 12A illustrates a cross-sectional view of wearable injec-
tion guide 1200 composed of rigid material 1210 and
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deployed on a body region 1220 of an individual. The rigid
material 1210 includes one or more injection needle access
regions 1230. The one or more injection needle access regions
1230 can further include a needle-penetrable membrane in an
intact state 1240q. FIG. 12B illustrates penetration of injec-
tion needle 1250 through the one or more injection needle
access regions 1230 and into the underlying body region 1220
of an individual. As a result of inserting the injection needle
1250, the needle-penetrable membrane is in a punctured state
12405, otherwise creating an opening in the rigid material
1210 of the wearable injection guide 1200. FIG. 12C illus-
trates wearable injection guide 1200 comprised of rigid mate-
rial 1210 and deployed on surface skin area 1220 of an indi-
vidual after removal of injection needle 1250. The wearable
injection guide 1200 has at least one needle-penetrable mem-
brane in a first state 12404, e.g., intact and indicative of an
injection needle access region 1230 that has not been
accessed and at least one needle-penetrable membrane in a
second state 12405, e.g., punctured and indicative of an injec-
tion needled access region 1230 that has been accessed. In
some embodiments, the user can visually see if the needle-
penetrable membrane is intact or punctured. In some embodi-
ments, the user can feel if the needle-penetrable membrane is
intact or punctured. In this way, the user can determine which
injection needle access regions have been accessed and which
have not been accessed.

FIG. 13 illustrates a method for administering a treatment
to an individual implemented with a wearable injection guide,
the wearable injection guide constructed of a rigid material
formed to substantially conform in shape to a topography of
a body region of an individual and including one or more
injection needle access regions arranged in a treatment pat-
tern. The method includes deploying the wearable injection
guide onto the body region of the individual, wherein the
body region can include at least a portion of a face, torso,
abdomen, head, neck, upper extremity, lower extremity, or
buttocks region of an individual. In some embodiments, the
wearable injection guide is deployed on all or part of ahead or
neck region, e.g., face, scalp, nose, forehead, or ear regions.
Block 1300 shows inserting one or more injection needles
through the one or more injection needle access regions of the
wearable injection guide. Block 1310 depicts injecting at
least one injectable agent through the one or more injection
needles into an underlying tissue of the body region of the
individual.

FIG. 14 illustrates aspects of the method depicted in FIG.
13. FIG. 14 illustrates that in some embodiments, block 1300
can include one or more of optional blocks 1400 and 1410. In
some embodiments, inserting the one or more injection
needles through the one or more injection needle access
regions of the wearable injection guide can include inserting
the one or more injection needles at a 90 degree angle relative
to the underlying tissue of the body region of the individual,
as illustrated in block 1400. In some embodiments, inserting
the one or more injection needles through the one or more
injection needle access regions of the wearable injection
guide includes inserting the one or more injection needles
through the one or more injection needle access regions at less
than a 90 degree angle relative to the underlying tissue of the
body region of the individual, as illustrated in block 1410. The
angle at which the one or more injection needles are inserted
through the one or more injection needle access regions of the
wearable injection guide is dependent upon the nature of the
injectable agent and the location of the underlying tissue of
the body region of the individual into which the injectable
agent is being injected. For example, injections into the
muscle with, e.g., penicillin may be done with an injection
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needle through the wearable injection guide at a 90 degree
angle; injections into the subcutaneous tissue with, e.g., mor-
phine, may be done with an injection needle through the
wearable injection guide at a 45 degree angle; and injections
into the epidermis or dermis with, e.g., a vaccine may be done
with an injection needle through the wearable injection guide
ata 10 to 15 degree angle.

In an embodiment, the angle at which the one or more
injection needles are inserted through the one or more injec-
tion needle access regions of the wearable injection guide is
dependent upon the angle of the one or more injection needle
access regions transecting the wearable injection guide, e.g.,
one or more areas of rigid material of the wearable injection
guide defining one or more openings, that have been manu-
factured into the wearable injection guide.

FIG. 15 shows further aspects of the method illustrated in
FIG. 13 for administering an injection treatment to an indi-
vidual with a wearable injection guide. FIG. 15 illustrates that
in some embodiments, the method can include block 1500.
Block 1500 depicts aligning one or more alignment marks on
the wearable injection guide with one or more reference
points on the body region of the individual. Block 1500 can
include one or more optional blocks 1510 and 1520. Block
1510 illustrates aligning one or more alignment marks on the
wearable injection guide with one or more reference marks
placed on a surface of the body region of the individual by a
physician, other practitioner, or the individual themselves.
For example, a physician, other practitioner, or the user, in the
case of self-injection, can place reference marks in ink on the
surface of the body region of the individual for use in aligning
with one or more alignment marks on the wearable injection
guide. Block 1520 illustrates aligning one or more alignment
marks on the wearable injection guide with one or more
topographical landmarks of the body region. Block 1520
further includes optional block 1530 which illustrates align-
ing the one or more alignment marks on the wearable injec-
tion guide with one or more of a pigmentation, a pigmented
area, a skin texture pattern, a tattoo, a subsurface blood vessel,
an anatomical feature, an eye, nose, or lips. Non-limiting
examples of a pigmented area include freckles, moles, birth
marks, or other pigmented areas on the surface of an indi-
vidual’s skin. Non-limiting examples of anatomical features
include eyes, nose, lips, cheek bones, ajoint, a belly button, or
any other anatomical feature that can be used to align a
wearable injection guide onto a body region of an individual.
For example, a wearable injection guide for use on an indi-
vidual’s face may conform in shape to a topography of the
individual’s face including the nose and eye regions and as
such fit snuggly into place. An extensive list of topographical
landmarks of the facial area are described in Buckley et al.,
Am. J. Psychiatry (2005) 162:606-608, which is incorporated
herein by reference.

FIG. 16 shows further aspects of the method illustrated in
FIG. 13 for administering an injection treatment to an indi-
vidual with a wearable injection guide. FIG. 16 illustrates that
in some embodiments, the method can include block 1600.
Block 1600 depicts immobilizing the wearable injection
guide on the body region of the individual. In some embodi-
ments, the wearable injection guide is immobilized on to the
body region of the individual for only a short period of time,
e.g., during an office visit to a physician or other practitioner.
In some embodiments, the wearable injection guide is immo-
bilized on the body region of the individual for a prolonged
period of time, e.g., days or weeks, to accommodate a full
course of injection treatment. Block 1600 can include one or
more optional blocks 1610 and 1620. Block 1610 depicts
immobilizing the wearable injection guide by adhering the
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wearable injection guide on the body region of the individual
with a reversible adhesive. For example, the wearable injec-
tion guide can be adhered on the body region of the individual
with one or more strips of medical rated double stick tape. As
another example, the wearable injection guide can be adhered
on the body region of the individual with a coating of adhe-
sive, e.g., URO-Bond® IV Silicone Skin Adhesive (from,
UROCARE Products, Pomona, Calif.). In some embodi-
ments, the wearable injection guide is immobilized by using
a lotion or gel, e.g., petroleum jelly, to coat the inner surface
of the wearable injection guide and create friction with the
underlying skin of the individual. Block 1620 depicts immo-
bilizing the wearable injection guide by strapping the wear-
able injection guide on the body region of the individual with
one or more body portion-encircling pieces. For example, the
wearable injection guide can be strapped on the body region
of the individual using a series of nylon straps including
compatible portions of an adjustable loop and hook system,
e.g., Velcro®. In some embodiments, the body portion-encir-
cling pieces can include a sleeve or a clamp. For example, a
snug-fitting sleeve can be used to immobilize the wearable
injection guide on an upper or lower extremity. In some
embodiments, the wearable injection guide is incorporated
into a piece of clothing, e.g., a tee-shirt or shorts.

FIG. 17 shows further aspects of the method illustrated in
FIG. 13 for administering an injection treatment to an indi-
vidual with a wearable injection guide. FIG. 17 illustrates that
in some embodiments, block 1310 can include one or more of
optional blocks 1700 and 1710. Block 1700 depicts option-
ally injecting the at least one injectable agent through the one
or more injection needles into one or more of epidermis,
papillary dermis, reticular dermis, subcutis, or muscle of the
underlying tissue of the body region of the individual. For
example, the method can include using the wearable injection
guide to inject one or more doses of botulinum neurotoxin
into the papillary dermis of an individual’s face. For example,
the method can include using the wearable injection guide to
inject one or more doses of fertility hormones into the muscle
of an individual’s upper thigh. In some embodiments, the
method can include injecting the at least one injectable agent
into one or more lines, wrinkles or folds on an individual’s
face, e.g., as part of a cosmetic treatment. Block 1710 depicts
optionally injecting the at least one injectable agent into the
underlying tissue of one or more of a forehead, a glabella, a
periorbital region, a preauricular region, an ear, a cheek, a lip,
a nasolabial fold, a labial region, a perilablial region, a sub-
labial region, a labiomental crease, or a neck region of the
individual. For example, the method can include using the
wearable injection guide to inject one or more doses of col-
lagen into one or more of the nasolabial folds of an individu-
al’s face.

FIG. 18 shows further aspects of the method illustrated in
FIG. 13 for administering an injection treatment to an indi-
vidual with a wearable injection guide. FIG. 18 illustrates that
in some embodiments, block 1310 can include one or more of
optional blocks 1800, 1810, 1820, 1830, 1840, and 1850.
Block 1800 depicts optionally injecting at least one neuro-
toxin. In some embodiments, the at least one neurotoxin can
include one or more forms of the neuromuscular blocking
agent botulinum toxin. In some embodiments, at least one
botulinum toxin is used for treating wrinkles in a facial region
of an individual. For example, the wearable injection guide
can be used to guide injection of at least one botulinum toxin
into wrinkles associated with the forchead, e.g., glabellar
frown lines, of an individual’s face. In some embodiments, at
least one botulinum toxin is used in conjunction with the
wearable injection guide to treat one or more of primary
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axillary hyperhidrosis (excessive sweating), blepharospasm
(eye twitching), strabismus (cross-eyed), cervical dystonia,
chronic migraine, and upper limb spasticity. Non-limiting
examples of botulinum toxin for use as an injectable agent
include onabotulinumtoxinA, abotulinumtoxinA, incobotu-
linymtoxinA, rimabotulinumtoxinB and like agents (see, e.g.,
Park et al., Clin. Ophthalmol. (2011) 5:725-732, which is
incorporated herein by reference).

Block 1810 of FIG. 18 depicts optionally injecting at least
one of a subcutaneous volume enhancer or dermal filler.
Block 1810 further includes optional blocks 1820, 1830, and
1840. Block 1820 illustrates optionally injecting at least one
collagen filler into an underlying tissue of the body region of
the individual. For example, the wearable injection guide can
beused to guide injection of at least one collagen filler into the
upper or lower lip of an individual to achieve lip augmenta-
tion. Other non-limiting examples of injecting collagen filler
include injecting into the grooves and/or lines that form
wrinkles and sagging skin of the face. In some embodiments,
the at least one collagen filler can be used to treat depressed
scars, e.g., pitted acne scars. Non-limiting examples of
bovine-, porcine-, or human-derived collagen fillers include
Artefill, Cosmoplast/Cosmoderm, Evolence, and Zyderm/
Zyplast. For example, Zyplast can be injected using a
30-gauge needle into the middle and deep reticular dermis to
correct deeper lines and wrinkles or for lip augmentation. In
some embodiments, the collagen filler can be combined with
one or more other agents such as, for example, botulinum
toxin or an analgesic. A non-limiting example of a collagen
filler combined with another agent includes Zyderm which
includes lidocaine as an analgesic. Collagen fillers can be
used for wrinkles, fine lines, deep folds, and lip augmenta-
tion. The depth of injection can vary from superficial/papil-
lary dermis for treatment of wrinkles and fine lines to mid to
deep dermis for treatment of moderate to deep facial wrinkles
and folds (see, e.g., Hanke et al., J. Am. Acad. Dermatol.
(2011) 64:S66-85, which is incorporated herein by refer-
ence).

Block 1830 of FIG. 18 depicts optionally injecting at least
one hyaluronic acid filler into an underlying tissue of the body
region of the individual. For example, injecting at least one
hyaluronic acid filler can be used to temporarily smooth
wrinkles, augment lips, reduce facial folds, and attenuate
scars. Non-limiting examples of hyaluronic fillers include
Belotero Balance (from Merz Aesthetics); Hyalatorm, Juve-
derm Ultra and Juvederm Ultra Plus (from Allergan, Inc.);
Perlane and Restylane (from Medicis Aesthetics Inc.) PRE-
VELLE and Puragen (from Mentor Corp.). Hyaluronic acid
can be injected with needles ranging in size from 27 to 30
gauge to a depth ranging from the mid to deep dermis to the
superficial subcutaneous space (see, e.g., Allemann & Bau-
mann Clinical Interventions in Aging (2008) 3:629-634;
Brant & Cazzaniga Clinical Interventions in Aging (2008)
3:153-159, which are incorporated herein by reference).

Block 1840 of FIG. 18 depicts optionally injecting at least
one of adipose, fibroblasts, calcium microspheres, or poly L.
lactic acid into an underlying tissue of the body region of the
individual. In some embodiments, adipose tissue can be iso-
lated from one region of the individual’s body, e.g., the abdo-
men or thigh, and reinjected into another region of the indi-
vidual’s body, e.g., the face, to augment or repair features of
the facial region (see, e.g., Meier et al., Arch. Facial Plast.
Surg. (2009) 11:24-28, which is incorporated herein by ref-
erence). In some embodiments, fibroblasts can be isolated
from the individual, expanded in vitro, and reinjected into the
individual (see, e.g., U.S. Pat. No. 7,846,465, which is incor-
porated herein by reference). In some embodiments, calcium
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hydroxyapatite microspheres (e.g., Radiesse®; BioForm
Medical, Inc., San Mateao, Calif.) can be injected using a 27
gauge needle, e.g., to correct moderate to severe nasolabial
folds. The calcium hydroxyapatite microspheres can be
injected with an aqueous gel, the latter of which is highly
viscous, requiring a larger bore needle, e.g., a 27 gauge
needle. The gel degrades over the course of several months,
leaving behind the calcium microspheres to stimulate col-
lagen synthesis. In some embodiments, poly L lactic acid
(PLLA, e.g., Sculptra®; Dermik Laboratories, Bridgewater,
N.J.) can be injected at or below the level of the dermal-
subcutaneous junction for augmentation of the lower two-
thirds of the face in individuals with lipoatrophy associated
with HIV infection. PLLA can also be used for cosmetic
purposes as a deep dermal filler (see, e.g., Sherman Clin.
Dermatol. (2009) 27:5S23-S32, which is incorporated herein
by reference). PLLA is viscous solution and as such requires
injection using larger bore needles, e.g., 25- or 26-gauge
needles. In some embodiments, PLLLA may be used in con-
junction with lidocaine and/or epinephrine to lessen the pain
of injection with a relatively large needle. For example,
lidocaine and/or epinephrine can be included in the injection
needle along with the PLLA. In some embodiments,
lidocaine and/or epinephrine may be included as part of the
wearable injection guide, e.g., as a coating on the inner sur-
face of the wearable injection guide.

Block 1850 of FIG. 18 depicts optionally injecting at least
one of insulin, an antibiotic, a hormone, a chemotherapeutic,
or a biological agent into an underlying tissue of the body
region of the individual. In some embodiments, injecting at
least one of insulin includes injecting at least one of a rapid
acting insulin, short-acting insulins, intermediate-acting
insulins, premixed insulins, or long-acting insulins. Commer-
cial sources of insulin are available from, e.g., Eli Lilly (India-
napolis, Ind.), Sanofi-Aventis (Bridgewater N.J.), Novo Nor-
disk Inc. (Princeton, N.J.), or Pfizer (New York, N.Y.). In
some embodiments, injecting at least one antibiotic includes
injecting at least one of penicillins, e.g., penicillin, ampicillin,
piperacillin; cephalosporins and other beta-lactam drugs,
e.g., cefazolin, ertapenem; tetracyclines, e.g., doxycycline;
macrolides, e.g., erythromycin; clindamycin; aminoglyco-
sides, e.g., streptomycin, gentamicin; spectinomycin; sul-
fonamides; quinolones and fluoroquinolones. In some
embodiments, injecting at least one hormone includes inject-
ing at least one of a hypothalamic or pituitary hormone,
synthetic analogs, and/or antagonist thereof, e.g., adrenocor-
ticotropic hormone, corticotropin-releasing hormone, follicle
stimulating hormone, gonadotropin-releasing hormone and
synthetic analogs, luteinizing hormone, prolactin; at least one
of an adrenocoricosteroid, synthetic analogs, and/or antago-
nists thereof, e.g., dexamethasone, hydrocortisone, predniso-
lone, methylprednisolone, triamicinolone; gonadal hor-
mones, e.g., estrogens, progestins, androgens, and anabolic
steroids; glucagon and analogs thereof. In some embodi-
ments, injecting at least one cancer chemotherapeutic or asso-
ciated therapy includes injecting at least one of alpha inter-
feron, erythropoietin and derivatives thereof, colony
stimulating factor and analogs thereof, somatostatin and ana-
logs thereof. In some embodiments, injecting at least one
biological agent includes injecting at least one of teriparatide,
etanercept, interferon, abatacept, anakinra, bevacizumab,
cetuximab, cyclophosphamide, gemtuzumab, muromonab-
CD3, omalizumab, pegademase, immune globulin, tacroli-
mus, or tositumomab.

In some embodiments, injecting the at least one injectable
agent through the one or more injection needles into an under-
lying tissue of the body region of an individual includes
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injecting at least one injectable agent in combination with one
or more analgesic agents, for example lidocaine, to lessen the
pain associated with injection.

Block 1860 of FIG. 18 depicts further aspects of the
method of FIG. 13 for administering an injection treatment to
an individual with a wearable injection guide. block 1860
illustrates optionally using the wearable injection guide with
at least one injectable agent to treat one or more conditions
including one or more of a cosmetic disorder, a cosmetic
need, a pain disorder, a blood vessel disorder, a microbial
injection, an inflammatory disorder, an endocrine disorder, a
neurological disorder, a muscle disorder, a skin disorder, a
fertility disorder, cancer, or a vitamin deficiency.

FIG. 19 shows further aspects of the method illustrated in
FIG. 13 for administering an injection treatment to an indi-
vidual with a wearable injection guide. FIG. 19 illustrates that
in some embodiments, the method can include block 1900.
Block 1900 depicts altering the temperature of the wearable
injection guide to a temperature above or below about 98.6° F.
(or above or below about 37° C.).

In some embodiments, the wearable injection guide is
cooled below about 98.6° F. (37° C.) prior, during and/or after
injection with an injectable agent. Cooling the body region
may lessen the pain associated with injecting the one or more
injection needles and/or prevent swelling and/or bruising post
injection. In some embodiments, the wearable injection guide
is cooled by placing the wearable injection guide in a cooling
device prior to placement onto a body region of an individual.
For example, the wearable injection guide can be stored in a
cooling device until use. Alternatively, the wearable injection
guide can be placed into the cooling device just prior to use for
a sufficient time to cool the wearable injection guide to an
appropriate temperature. The cooling temperature can range
from about 10° C. to about 0° C. It is understood that the
cooling temperature can fall outside this range, but is con-
templated to be sufficiently cool enough to reduce pain and
swelling but not so cold as to be painful to the underlying
tissue of the body region. Non-limiting examples of cooling
devices for this purpose include a refrigerator, a freezer, or an
ice bath. In some embodiments, cooling the wearable injec-
tion guide can include using a cooling mechanism associated
with the wearable injection guide, e.g., a chemical or thermo-
electric cooling mechanism as discussed above herein.

In some embodiments, the wearable injection guide is
heated above about 98.6° F. (37° C.) prior, during and/or after
injection with an injectable agent. Heating the body region
covered by the wearable injection guide may increase vasodi-
lation and/or circulation in the underlying tissue. In some
embodiments, the wearable injection guide is heated by plac-
ing the wearable injection guide in a heating device prior to
placement onto a body region of an individual. For example,
the wearable injection guide can be stored in a heating device
until use. Alternatively, the wearable injection guide can be
placed into the heating device just prior to use for a sufficient
time to heat the wearable injection guide to an appropriate
temperature. The heating temperature can range from about
40° C. to about 45° C. It is understood that the heating tem-
perature can fall outside this range, but is contemplated to be
sufficiently hot enough to increase circulation but not so hot
as to be painful or damaging to the underlying tissue of the
body region. Non-limiting examples of heating devices for
this purpose include a warming oven, a microwave, or hot
water bath. In some embodiments, heating the wearable
injection guide can include using a heating mechanism asso-
ciated with the wearable injection guide, e.g., a chemical or
thermoelectric heating mechanism as discussed above herein.
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FIG. 20 illustrates a method of administering an injection
treatment to an individual with a wearable injection guide, the
wearable injection guide including a rigid needle-penetrable
material with an inner surface and an outer surface, the inner
surface having a form fitting contour substantially conform-
ing to the topography of the body region of the individual and
the outer surface having one or more fiducials indicative of at
least one treatment parameter. Block 2000 shows aligning
one or more alignment marks of a wearable injection guide
with one or more reference points on a body region of an
individual. Block 2010 depicts immobilizing the wearable
injection guide on the body region of the individual. Block
2020 depicts inserting one or more injection needles through
the rigid needle-penetrable material of the wearable injection
guide at or near the one or more fiducials. Block 2030 depicts
injecting at least one injectable agent from the one or more
injection needles into an underlying tissue of the body region
of the individual.

FIG. 21 illustrates further aspects of the method of FIG. 20.
FIG. 21 illustrates that in some embodiments, the method of
FIG. 20 can include the optional step of block 2100. Block
2100 depicts deploying the wearable injection guide onto the
body region of the individual. Block 2100 further includes the
optional steps of deploying the wearable injection guide onto
the body region of a face of the individual as illustrated in
block 2110; onto the body region of a torso of the individual
as illustrated in block 2120; onto the body region of an abdo-
men of the individual as illustrated in block 2130; onto the
body region of a head of an individual as illustrated in block
2140; onto the body region of a neck of the individual as
illustrated in block 2150; onto the body region of an upper
extremity area of the individual as illustrated in block 2160;
onto the body region of a lower extremity area of the indi-
vidual as illustrated in block 2170; or onto the body region of
a buttocks area of the individual as illustrated in block 2180.
The deployment of the wearable injection guide on a specific
body region of the individual is dependent upon the condition
being treated and the treatment regimen. For example, spe-
cific treatment of the individual’s face or the individual’s neck
would necessarily include a wearable injection guide specifi-
cally designed for use on a face or neck, respectively. In
another example, a self-injection treatment regimen that
includes intramuscular injections, e.g., antibiotic or fertility
treatment, may include a wearable injection guide designed
for use on any of a number of body regions easily accessible
to the individual, e.g., the thigh or abdomen areas.

FIG. 22 illustrates further aspects of the method of FIG. 20.
In some embodiments, aligning one or more alignment marks
of a wearable injection guide with one or more reference
points on a body region of an individual can include aligning
the one or more alignment marks with one or more reference
marks placed on the body region of the individual by the
individual, a physician, or other person with, for example, a
washable ink. In some embodiments, the one or more refer-
ence points represent permanent features of the body region.
Block 2000 further includes optional block 2200. Block 2200
depicts optionally aligning the one or more alignment marks
of'the wearable injection guide with one or more topographi-
cal landmarks on the body region of the individual. Block
2200 can optionally include block 2210. Block 2210 depicts
optionally aligning the one or more alignment marks of the
wearable injection guide with one or more pigmentation,
pigmented area, skin texture pattern, tattoo, blemish, scar,
anatomical feature, or subsurface blood vessel of at least at
portion of the body region of the individual. Two and prefer-
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ably three or more reference points are used to align the
wearable injection guide onto the body region of the indi-
vidual.

Returning to FIG. 20, in some embodiments, the method
for administering an injection treatment to an individual with
a wearable injection guide including immobilizing the wear-
able injection guide on the body region of the individual, as
illustrated in block 2010, can include adhering the wearable
injection guide on the body region of the individual with a
reversible adhesive. In some embodiments, the reversible
adhesive is included on the inner surface of the wearable
injection guide. In some embodiments, the reversible adhe-
sive is applied to the inner surface of the wearable injection
guide and/or the body region of the individual just prior to
deploying the wearable injection guide. In some embodi-
ments, immobilizing the wearable injection guide on the body
region of the individual, as illustrated in block 2010, can
include immobilizing the wearable injection guide on the
body region of the individual with one or more body portion-
encircling pieces.

Returning to FIG. 20, in some embodiments, the method
for administering an injection treatment to an individual with
a wearable injection guide including inserting one or more
injection needles through the rigid needle-penetrable material
of the wearable injection guide at or near the one or more
fiducials, as illustrated in block 2020, can include inserting
the one or more injection needles at a 90 degree angle relative
to the outer surface of the wearable injection guide. In some
embodiments, injecting the one or more needles containing at
least one injectable agent through the rigid needle-penetrable
material of the wearable injection guide at or near the one or
more fiducials, as illustrated in block 2020, can include
inserting the one or more injection needles at less than a 90
degree angle relative to the outer surface of the wearable
injection guide. In some embodiments, all insertions of the
one or more injection needles through the wearable injection
guide are done at either 90 degrees or less than 90 degrees. In
some embodiments, the insertions of the one or more injec-
tion needles through the wearable injection guide can vary
from 90 degrees or less. The angle of the needle insertion will
be dependent upon the injectable agent, the needle depth, and
the portion of the body region being injected. For example,
intramuscular injection with penicillin, e.g., may be injected
at 90 degree, i.e., straight through the wearable injection
guide. In contrast, subcutaneous injections with collagen
filler, e.g., may be injected at less than 90 degrees, i.e., at an
angle relative to the outer surface of the wearable injection
guide.

FIG. 23 illustrates further aspects of the method of FIG. 20.
FIG. 23 illustrates that in some embodiments, the method of
FIG. 20 can optionally include block 2300. Block 2300
depicts optionally inserting the one or more injection needles
through the needle-penetrable material of the wearable injec-
tion guide to a stop point. Block 2300 can optionally include
blocks 2310, 2320, 2330, or 2340. Block 2310 depicts option-
ally inserting the one or more injection needles through the
rigid needle-penetrable material of the wearable injection
guide to a stop point defined by the outer surface of the
wearable injection guide. For example, the outer surface may
be separated from the inner surface of the wearable injection
guide by a thickness of rigid needle-penetrable material that
limits how far an injection needle of a given length can be
inserted through the wearable injection guide and into the
underlying tissue of the body region. Block 2320 depicts
optionally inserting the one or more injection needles through
the rigid needle-penetrable material of the wearable injection
guide to a stop point defined by a length of the one or more
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injection needles. For example, standard injection needles
can range in length from %16 inches (5 mm) to 1% inches (38
mm) from the tip of the needle bevel to the needle hub. The
choice of injection needle will also be dependent upon how
deep the injection is intended to go. For example, needles
ranging in length from %% inch to % inch can be used for
subcutaneous injections while needles ranging in length from
1 inch to 1% inch can be used for intramuscular injections.
Furthermore, the needle length may also be considered in the
context of the desired needle depth required and the thickness
of the wearable injection guide. Block 2330 depicts option-
ally inserting the one or more injection needles through the
rigid needle-penetrable material of the wearable injection
guide to a stop point defined by a structural feature of the one
or more injection needles. For example, the stop point may be
defined by a structural feature of the one or more injection
needles, e.g., the needle hub or the attached syringe. The rigid
needle-penetrable material of the wearable injection guide
may allow for penetration of a sharp injection needle, but
inhibits further insertion of the injection needle once the
needle hub or attached syringe reaches the outer surface of the
wearable injection guide. Block 2340 depicts optionally
inserting the one or more injection needles through the rigid
needle-penetrable material of the wearable injection guide to
a stop point defined by a preferred depth of injection into the
underlying tissue of the body region of the individual. For
example, a physician, other practitioner, or the individual
may have knowledge as to how deep an injection needle
should be injected based on the type of injectable agent being
injected and the location of the injection. In some embodi-
ments, the one or more fiducials on the outer surface of the
wearable injection guide may provide guidance as to the
injection depth and/or length of needle for use at any given
injection site.

FIG. 24 illustrates further aspects of the method of FIG. 20.
FIG. 24 illustrates that in some embodiments, the method of
FIG. 20 including injecting at least one injectable agent
through the one or more injection needles into the underlying
tissue of the body region of the individual optionally includes
blocks 2400, 2410, 2420, 2430, or 2440. Block 2400 depicts
optionally injecting the at least one injectable agent into epi-
dermis. Block 2410 depicts optionally injecting the at least
one injectable agent into papillary dermis. Block 2420 depicts
optionally injecting the at least one injectable agent into
reticular dermis. Block 2430 depicts optionally injecting the
at least one injectable agent into subcutis. Block 2440 depicts
optionally injecting the at least one injectable agent into
muscle. Block 2030 optionally includes block 2450. Block
2450 depicts optionally injecting the at least one injectable
agent into a forehead, a glabella, a periorbital region, an
auricular region, an ear, a cheek, a lip, a nasolabial fold, a
labial region, a perilabial region, a sublabial region, a labio-
mental crease, or a neck region of the individual. The depth to
which a needleis injected is dependent on the condition being
treated and the injectable agent being injected, as discussed
above herein.

FIG. 25 illustrates further aspects of the method of FIG. 20.
FIG. 25 illustrates that in some embodiments, the method of
FIG. 20 including injecting the at least one injectable agent
from the one or more injection needles into the underlying
tissue of the body region of the individual optionally includes
blocks 2500, 2510, 2520, 2530, or 2540. Block 2500 depicts
optionally injecting at least one neurotoxin, non-limiting
examples of which have been described above herein. Block
2510 depicts optionally injecting at least one of a subcutane-
ous volume enhancer or dermal filler. Block 2510 further
optionally includes blocks 2520, 2530, and 2540. Block 2520
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depicts optionally injection at least one of a collagen filler,
non-limiting examples of which have been described above
herein. Block 2530 depicts optionally injecting at least one of
a hyaluronic acid filler, non-limiting examples of which have
been described above herein. Block 2540 depicts optionally
injecting at least one of adipose, fibroblasts, calcium micro-
spheres, or poly L lactic acid, non-limiting examples of which
have been described above herein. Block 2030 further option-
ally includes block 2550 which depicts optionally injecting at
least one of insulin, antibiotic, hormone, chemotherapeutic,
or biological agent, non-limiting examples of which have
been described above herein.

FIG. 26 illustrates further aspects of the method of FIG. 20.
FIG. 26 illustrates that in some embodiments, the method of
FIG. 20 for administering an injection treatment to an indi-
vidual with a wearable injection guide can optionally include
blocks 2600 and/or 2610. Block 2600 depicts optionally alter-
ing the temperature of the wearable injection guide to a tem-
perature above or below about 98.6° F. Cooling the wearable
injection guide before and/or during the injection treatment
and consequently cooling the body region upon which the
wearable injection guide is deployed can reduce the pain of
injection and/or reduce swelling or bruising associated with
injection. Heating the wearable injection guide before and/or
during the injection treatment and consequently heating the
body region upon with the wearable injection guide is
deployed can increase vascular dilation and blood circulation.
In some embodiments, the wearable injection guide is heated
or cooled by placing the guide into a heating or cooling
device, respectively, prior to deployment on the individual. In
some embodiments, the wearable injection guide has a ther-
mal-regulating mechanism that allows it to heat or cool, e.g.,
a chemical or thermoelectric mechanism as discussed above
herein.

Block 2610 of FIG. 26 depicts optionally verifying with
one or more patient identifiers that the wearable injection
guide is appropriate for use with the individual. In some
embodiments, the one or more patient identifiers can include
abar code or RFID tag that is specific to the individual and is
read prior to or after deployment of the wearable injection
guide onto the body region of the individual. In some embodi-
ments, the one or more patient identifiers can include one or
more reference points on the body region of the individual.
The ability to align one or more alignment marks on the
wearable injection guide with one or more reference points on
the body region of the individual, e.g., a unique pattern of
topographical landmarks, can be used to determine if the
wearable injection guide is appropriate for use for the indi-
vidual. In some embodiments, other forms of patient identi-
fiers can be used, non-limiting examples of which include
vein pattern recognition, facial recognition, iris recognition,
or voice recognition. In some embodiments, verifying with
one or more patient identifiers that the wearable injection
guide is appropriate for use on the individual can be done
using one or more skin measurements, e.g., skin thickness,
melanin measurement, skin surface pH, skin roughness, skin
conductance, sweat ducts, sebum secretions, and the like (see,
e.g., Wa & Maibach Skir Res. Technol. (2010) 16:38-54, U.S.
Patent Application 2008/0166029, which are incorporated
herein by reference). In some embodiments, the one or more
patient identifiers can be assessed using one or more sensors
incorporated into the wearable injection guide. Some
examples of biometric sensor, for example, are described in
U.S. Patent Application 2008/0262376, which is incorpo-
rated herein by reference.

The method of FIG. 20 further includes using the wearable
injection guide with at least one injectable agent to treat one
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or more conditions, non-limiting examples of which include
one or more of a cosmetic disorder, a cosmetic need, a pain
disorder, a blood vessel disorder, a microbial infection, an
inflammatory disorder, an endocrine disorder, a neurological
disorder, a muscle disorder, a skin disorder, a fertility disor-
der, cancer, or a vitamin deficiency.

FIG. 27 illustrates a method of generating a wearable injec-
tion guide for an individual. Block 2700 shows acquiring one
or more digital images of a body region of the individual. As
defined herein, digital images includes any digital informa-
tion related to the body region and the underlying tissue. In
some embodiments, acquiring one or more digital images of
the body region of an individual includes acquiring one or
more images of the surface topography of the body region. In
some embodiments, one or more contact scanners can be used
to acquire one or more digital images of the body region of an
individual by running a probe over the surface of the body
region. In some embodiments, one or more non-contact scan-
ners can be used to acquire one or more digital images of the
body region of an individual by measuring reflected or
deflected radiation or light from the body region. In some
embodiments, the one or more digital images of abody region
of the individual can be acquired using one or more of an
image capture system, e.g., a digital camera. In some embodi-
ments, the one or more images can be captured using one or
more of a laser scanner in combination with one or more
charge-coupled device. Block 2710 depicts creating a digi-
tally rendered model of the wearable injection guide from the
one or more digital images of the body region of the indi-
vidual. For example, surface scanning software can be used to
import individual points of the body region, e.g., of the face,
and then combine them in the X, Y, and Z axes to render a
three-dimensional representation of the topography of the
body region. The three-dimensional representation of the
topography of the body region can be combined with infor-
mation regarding the final thickness of the wearable injection
guide, e.g., uniform or variable, to create the digitally ren-
dered model of the wearable injection guide. Any of a number
of modeling programs can be used for this purpose, as will be
described below. Block 2720 illustrates adding one or more
digitally rendered fiducials indicative of a treatment param-
eter to the digitally rendered model of the wearable injection
guide. The one or more digitally rendered fiducials can
include one or more colors, letters, shapes, numbers,
crosshairs, or combinations thereof. Block 2730 illustrates
forming the wearable injection guide from the digitally ren-
dered model of the wearable injection guide, the formed
wearable injection guide including one or more fiducials
indicative of the at least one treatment parameter, the one or
more fiducials corresponding to the one or more digitally
rendered fiducials on the digitally rendered model of the
wearable injection guide. For example, forming the wearable
injection guide can include using a three-dimensional print-
ing technology. The at least one treatment parameter can
include one or more injectable agents to be injected at said
one or more fiducials, one or more dosages of one or more
injectable agents to be injected at said one or more fiducials,
and the depth of the needle injection for injecting one or more
injectable agents at said one or more fiducials.

FIG. 28 shows further aspects of the method of FIG. 27.
FIG. 28 shows optional steps in blocks 2800, 2810, and 2820
for acquiring one or more digital images of the body region of
the individual. Block 2800 depicts optionally acquiring one
ormore digital images of the topography of the body region of
the individual. The topography of the body region can include
both the micro-topography, e.g., the texture and/or pattern of
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the skin surface, and the macro-topography, e.g., anatomical
features such as nose, lips, cheeks, large wrinkle, joints, and
the like.

Block 2810 depicts optionally acquiring one or more digi-
tal images of one or more topographical landmarks associated
with the body region of the individual. Block 2820 further
depicts optionally acquiring one or more digital images of
one or more pigmentation, pigmented areas, tattoos, skin
texture pattern, blemishes, scars, anatomical features, or sub-
surface blood vessels associated with the body region.

In some embodiments, the one or more digital images of
one or more topographical landmarks associated with the
body region of the individual can include one or more refer-
ence points for aligning the wearable injection guide to the
body region of the individual. The one or more reference
points observed in the one or more digital images can be used
to determine where alignment marks should be added to the
digitally rendered model of the wearable injection guide prior
to manufacture.

In some embodiments, the one or more digital images of
one or more topographical landmarks associated with the
body region of the individual can include features of the body
region that are themselves the focus of treatment, for example
ascar (e.g., an acne scar) or other blemish on the surface of the
skin. For example, one or more digital images of a scar on the
body region can aide in determining where the one or more
digitally rendered fiducials indicative of a treatment param-
eter should be added to the digitally rendered model of the
wearable injection guide. As an example, injectable dermal
fillers can be used to raise depressions in the surface of the
skin caused by severe acne scarring.

In some embodiments, the one or more digital images of
one or more topographical landmarks associated with the
body region of the individual can include features contrain-
dicated as sites of injection. For example, injecting a neuro-
toxin, e.g., botulinum toxin, or other injectable agents directly
into a blood vessel may lead to unwanted systemic compli-
cations. As such, a treatment regimen that includes botulinum
toxin injection, for example, would necessarily avoid over-
laying the one or more fiducials on the wearable injection
guide with one or more blood vessels associated with the
body region of the individual. In an embodiment, one or more
of the superficial blood vessels on the body region of the
individual can be imaged and incorporated into the digitally
rendered model of the wearable injection guide. Non-limiting
examples of non-invasive imaging techniques for superficial
blood vessels include photoacoustic imaging, ultrasound,
near-infrared imaging (see, e.g., Wieringa et al., Ann Biomed
Eng (2006) 34:1870-1878, which is incorporated herein by
reference). Images of superficial blood vessels generated
using one or more of these methods can be combined with the
images of the topography of the body region of the individual
to aid in adding the one or more digitally rendered fiducials to
the digitally rendered model of the wearable injection guide.

FIG. 29 shows further aspects of the method illustrated in
FIG. 27 for generating a wearable injection guide. FIG. 29
illustrates that in some embodiments, block 2700 can option-
ally include block 2900. Block 2900 depicts optionally
acquiring the one or more images with one or more digital
cameras. For example, one or more digital cameras can be set
up to acquire one or more images of the body region of the
individual from various angles and/or directions in a process
known as stereophotogrammetry. In some embodiments, the
one or more digital images can include one or more camera
images with sufficient contrast to differentiate between the
color of the skin and other skin features, e.g., freckles, tattoo,
moles, or blemishes.
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Block 2910 of FIG. 29 depicts options acquiring the one or
more digital images with at least one of an active scanner or a
passive scanner. The at least one active or passive scanner can
acquire one or more scans of the individual. The at least one
active or passive scanner can acquire one or more scans of the
individual from one or more directions. For example, mul-
tiple scans taken from multiple directions will allow for
obtaining information from all sides of the individual.

In some embodiments, the one or more digital images are
acquired with at least one active scanner. An active scanner
emits some form of radiation or light which when beamed on
an individual creates a measureable reflection. The emitted
radiation or light can include electromagnetic radiation, ultra-
sound or x-ray. Non-limiting examples of active non-contact
scanners include hand-held laser scanners as well as a number
of three-dimensional scanners (3D scanners) including time-
of-flight scanners, triangulation laser scanners, structured-
light scanners, and modulated light scanners (see, e.g., Kolbe
et al., Computer Graphics Forum (2010) 29:141-159, which
is incorporated herein by reference). In some embodiments,
the one or more active scanners can include one or more
triangulation scanners in which a laser emitter, a laser dot on
the surface being scanned, and a detection camera are used to
triangulate the distance between the laser and the laser dot.
For example, the body region of the individual can be scanned
at a set distance (e.g., 1-10 mm) as controlled by a tape
measure fixed to the camera. The topography of the body
region, e.g., the face, differentially reflects the distorted light
of the laser, which is then captured by a charge-coupled
device (CCD) associated with the camera and converted into
distance information using triangulation. In some embodi-
ments, the one or more active scanners can include one or
more time-of-flight laser scanners in which a laser
rangefinder is used to determine the distance between a sur-
face, e.g., the body region of an individual, and the laser
emitter by timing the round-trip time of a pulse of light. The
time-of-flight laser scanner scans the entire field of view one
point at a time by changing the rangefinders view. In some
embodiments, the one or more active scanners can include
one or more structured-light 3D scanners in which a pattern of
light is projected onto the body region of an individual and the
deformation of the projected pattern. Scanners for scanning
head, face and/or whole body are commercially available
(from, e.g., Cyberware, Monterery Calif.; Accurex Measure-
ment Inc., Swathmore, Pa.; 3dMD Atlanta, Ga.; Konica/Mi-
nolta, Ramsey, N.J.)

In some embodiments, the one or more digital images are
acquired with at least one passive scanner. A passive scanner
relies on detecting reflected ambient radiation, e.g., visible
light. Other types of ambient radiation can also be contem-
plated, including, e.g., infrared light. Non-limiting examples
of passive scanners include one or more digitals cameras. In
some embodiments, the one or more passive scanners include
stereoscopic systems using two video cameras, slightly apart,
imaging the same portion of the body region of the individual
in a process termed stereophotogrammetry. In some embodi-
ments, the passive scanner can include a single camera taking
multiple images under different lighting conditions or from
different positions. As an example, the topography of the
body region of an individual can be acquired in a point-cloud
format using a three-dimensional sensing system consisting
of two or more digital cameras and one or more projectors
connected to a personal computer. The camera position and
shutter can be adjusted to the body region, which is exposed
to structured light, allowing for optical representation of the
surface by a cloud of up to 300,000 points in three-dimen-



US 9,199,044 B2

47
sional coordinates (see, e.g., Feng et al., Br. J. Oral Maxillo-
fac. Surg.(2010)48:105-109, which is incorporated herein by
reference).

In some embodiments, the combination of stereophoto-
grammetry and 3D laser scanner techniques can be combined
to generate a three-dimensional model of the body region of
an individual (see, e.g., Majid, et al. International Archives of
the Photogrammetry, Remote Sensing and Spatial Informa-
tion Science. Vol. XXXVII. Part B5. (2008) 805-811; Mark-
iewicz & Bell, Facial Plast. Surg. Clin. N. Am.(2011) 19:655-
682; van Heerbeek et al., Rhinology (2009) 47:121-125,
which are incorporated herein by reference).

Returning to FIG. 29, block 2700 further optionally
includes block 2920. Block 2920 depicts optionally acquiring
one or more digital images with one or more of an ultrasound
device, a photoacoustic device, a thermal imaging device, a
contact scanning device, a magnetic resonance image device,
a computed tomography device, a capacitance measuring
device, electromyographic device, or other biomedical imag-
ing device. For example, skin topographic structures, e.g.,
wrinkles, can be imaged using a capacitive device with sensor
plates pressed lightly on the skin surface (see, e.g., Bevilac-
qua et al., (2006) IEEE International Conference on Video
and Signal Based Surveillance, pp. 53, which is incorporated
herein by reference). For example, electromyography can be
used to determine muscle anatomical features and in particu-
lar facial muscle anatomical features (see, e.g., Lapatki et al.,
J. Neurophysiol. (2006) 95:342-354, which is incorporated
herein by reference).

FIG. 30 shows further aspects of the method of FIG. 27.
Block 2710 optionally include block 3000. Block 3000
depicts optionally creating a digitally rendered model of the
wearable injection guide from the one or more digital images
using one or more three-dimensional modeling algorithms.
Block 3000 can optionally include blocks 3010, 3020, and
3030. Block 3010 shows optionally using one or more
polygonal mesh three-dimensional modeling algorithms to
create the digitally rendered model of the wearable injection
guide. Block 3020 shows optionally using one or more non-
uniform rational basis spline surface modeling algorithms to
create the digitally rendered model of the wearable injection
guide. Block 3030 shows optionally using one or more com-
puter aided design modeling algorithms to create the digitally
rendered model of the wearable injection guide.

Creating a digitally rendered three-dimensional model of
the wearable injection guide from the acquired one or more
digital images includes using a computing device and appro-
priate software or instructions to create the digitally rendered
wearable injection guide. In some embodiments, the acquired
one or more digital images are brought into a computing
device that is capable of aligning or registering the images
into a common coordinate system and then integrating the
images into a single three-dimensional model.

In some embodiments, the active or passive scanners may
produce point clouds of data that are reconstructed using one
or more three-dimensional modeling algorithms to form a
digitally rendered model of the wearable injection guide. One
or more modeling programs can be used for this purpose.
Non-limiting examples of types of modeling programs
include polygonal mesh three-dimensional modeling pro-
grams, non-uniform rational basis spline (NURBS) surface
modeling programs, or editable feature-based computer
aided design (CAD) modeling programs. In some embodi-
ments, the data may be modeled using a first modeling
approach, for example, a NURBS based modeling program
and further refined using a second modeling approach, for
example, a CAD-based modeling program. Numerous soft-

5

10

15

20

25

30

35

40

45

50

55

60

65

48

ware programs are available for generating three-dimensional
models from scanned images. For example, non-limiting
examples of CAD/CAM software programs applicable to
medical imaging include Amira (Visage Imaging GmbH,
Berlin Germany); Analyze (AnalyzeDirect, Inc, Overland
Park, Kans.); iNtellect Cranial Navigation System (Stryker,
Freiburg, Germany); iPlan (Brainl.ab, Westchester, Il1.);
Maxilim (Medicim, Bruges Belgium), Mimics, SurgiCase
CMF, and SimPlant OMS (Materialise, Leuven, Belgium);
Voxim (IVS Solutions, Chemnitz, Germany), 3dMD (At-
lanta, Ga.); Alma3D (Alma IT Systems, Barcelona, Spain);
and Image] (National Institutes of Health, Boston, Mass.)
(see, e.g., Markiewicz & Bell, Facial Plast. Surg. Clin. N. Am.
(2011) 19:655-682, which is incorporated herein by refer-
ence). Facial feature extraction can be acquired using one or
more of an active shape model algorithm (see, e.g., Sun &
Xie, 11? IEEE International Conference on Communication
Technology Proceedings, (2008) pp. 661-664; Zheng & Yang
IEEE Proceedings of the Seventh International conference on
Machine Learning and Cybernetics, (2008) pp. 2841-2845,
which are incorporated herein by reference). Other software
packages capable of generating a digitally rendered model of
the wearable injection guide from one or more digital images
of'abody region of an individual can be used for this purpose.
Additional approaches for generating three-dimensional
models are described in Bernardini & Rushmeier Computer
Graphics Forum (2002) 21:149-172;

FIG. 31 depicts further aspects of the method of FIG. 27.
FIG. 31 illustrates that in some embodiments, block 2720 can
optionally include block 3100. Block 3100 depicts optionally
adding the one or more digitally rendered fiducials in a treat-
ment pattern. In some embodiments, the one or more digitally
rendered fiducials are added to the digitally rendered model
of the wearable injection guide at one or more locations
independent of the location of an injection site. For example,
one or more digitally rendered fiducials can be added any-
where on the model to provide general treatment parameters
for use with the wearable injection guide. In some embodi-
ments, the one or more digitally rendered fiducials are added
to the digitally rendered model of the wearable injection
guide in a treatment pattern such that the one or more fiducials
are indicative of an injection site (e.g., crosshairs) and/or at
least one treatment parameter indicated at that injection site
(e.g., dosage of an injectable agent). Block 3100 optionally
includes blocks 3110 and 3120. Block 3110 depicts option-
ally adding the one or more digitally rendered fiducials in a
treatment pattern specific to the individual. Block 3120
depicts adding the one or more digitally rendered fiducials in
a treatment pattern that is part of a treatment regimen.

Block 2720 of FIG. 31 can optionally include blocks 3130,
3140, 3150, and 3160. Block 3130 depicts optionally adding
one or more digitally rendered fiducials indicative of at least
one injectable agent to be injected at the corresponding one or
more fiducials on the wearable injection guide. For example,
one or more digitally rendered fiducials indicative of at least
one of an injectable agent, e.g., neurotoxin, subcutaneous
volume enhancer, dermal filler, insulin, hormone, chemo-
therapeutic, antimicrobial, or other biological agent, can be
added to the digitally rendered model of the wearable injec-
tion guide. Adding one or more digitally rendered fiducials
indicative of other injectable agents not explicitly described
herein is also contemplated. Block 3140 depicts optionally
adding one or more digitally rendered fiducials indicative of
at least one dosage of at least one injectable agent to be
injected at the corresponding one or more fiducials on the
wearable injection guide. For example, one or more digitally
rendered fiducials can be added to the digitally rendered
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model of the wearable injection guide indicating the units of
botulinum toxin or milliliters of collagen filler, for example,
to be injected at any given injection site. Block 3150 shows
optionally adding one or more digitally rendered fiducials
indicative of at least one needle injection angle for the at least
one injectable agentto be injected at the corresponding one or
more fiducials on the wearable injection guide. For example,
one or more digitally rendered fiducials can be added to the
digitally rendered model of the wearable injection guide indi-
cating that the injection needle should be injected at 90
degrees or less relative to the skin surface of the body region.
Block 3160 shows optionally adding one or more digitally
rendered fiducials indicative of at least one needle injection
depth for at least one injectable agent to be injected at the
corresponding one or more fiducials on the wearable injection
guide. For example, one or more digitally rendered fiducials
can be added to the digitally rendered model of the wearable
injection guide indicating whether the injection needle should
be injected into the epidermal, dermal, subcutaneous, or intra-
muscular portions of the skin. In another example, one or
more digitally rendered fiducials can be added to the digitally
rendered model of the wearable injection guide indicating
that the injection needle should be injected 2-3 mm or 4-10
mm or deeper into the underlying tissue of the body region.
Needle injection depth is dependent upon the type of inject-
able agent being injected and the skin thickness at any given
part of the body, as described previously herein. In some
embodiments, the one or more digitally rendered fiducials can
be added to at least a portion of the digitally rendered model
of the wearable injection guide that is near or coincident with
a treatment area on the corresponding body region of the
individual.

FIG. 32 illustrates further aspects of the method of FIG. 27.
FIG. 32 illustrates that in some embodiments, block 2720 can
optionally include blocks 3200, 3210, and 3220. Block 3200
shows optionally adding the one or more digitally rendered
fiducials indicative of the at least one treatment parameter to
the digitally rendered model of the wearable injection guide
from a database of stored treatment parameters. The database
of'stored treatment parameters can include treatment options,
e.g., injectable agents, for a given condition as well as dosing
information and information regarding needle penetration
and needle size specific for any given injectable agent. In
some embodiments, the database of stored treatment param-
eters can include treatment options specific to the individual,
e.g., previously used injectable agents, dosages, and injection
depth. In some embodiments, the database of stored treatment
parameter can include a medical history of an individual, e.g.,
allergies, age, skin properties, medical condition, and other
medical history relevant to the injection treatment regimen.
The medical history can be used by the physician or other
practitioner to plan an individual’s treatment regimen such
that the appropriate digitally rendered fiducials outlining that
plan are added to the digitally rendered model of the wearable
injection guide.

Block 3210 depicts adding the one or more digitally ren-
dered fiducials automatically based on computational analy-
sis of the acquired one or more digital images of the body
region. The computational analysis can include a comparison
of the one or more digital images of the body region with
stored data that includes images of standard, normal or ideal
body regions or previously captured images of the body
region of the individual. In some embodiments, the stored
data includes idealized aesthetics of a female or male face
(see, e.g., Carruthers et al., Plast. Reconstr. Surg. (2008) 121
(Suppl):5S-308S, which is incorporated herein by reference).
In some embodiments, the stored data include normalized
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skin characteristics based on age or other demographics (see,
e.g., Wolff et al., Fertil. Steril. (2011) 95:658-662, which is
incorporated herein by reference). In some embodiments, the
one or more digitally rendered fiducials can be added auto-
matically to the digitally rendered model of the wearable
injection guide by a computing device based on data from the
database of stored treatment parameters. In some embodi-
ments, the computational analysis can include algorithms for
predicting the outcome of a particular treatment regimen. For
example, the computational analysis may be used to show an
individual via adisplay, e.g., acomputer monitor, how a given
facial feature, e.g., nasolabial folds, will change in response
to injection of an injectable agent, e.g., a dermal filler.

Returning to FIG. 32, Block 3220 shows optionally adding
the one or more digitally rendered fiducials indicative of the at
least one treatment parameter to digitally rendered model of
the wearable injection guide with a user input device. The
user input device can include a keyboard or interactive dis-
play panel. In some embodiments, the user input device is a
keyboard in communication with the computing device run-
ning the one or more three-dimensional modeling algorithms
to create the digitally rendered model of the wearable injec-
tion guide. In some embodiments, the user input device is a
wireless device, e.g., a cell phone or other handheld device,
capable of wirelessly adding one or more digitally rendered
fiducials to the digitally rendered model of the wearable
injection guide. In some embodiments, the one or more digi-
tally rendered fiducials indicative of at least one treatment
parameter can be added by a physician or other practitioner
using an input device based on consulting data from a data-
base of stored treatment parameters. In some embodiments,
the one or more digitally rendered fiducials can be added
based on preferences of the individual.

FIG. 33 shows further aspects of the method of FIG. 27.
FIG. 33 shows optionally including block 3300. Block 3300
depicts optionally developing a treatment regimen specific to
the individual based on computational analysis of the one or
more digital images of the body region of the individual, the
treatment regimen including at least one treatment parameter,
the at least one treatment parameter represented by one or
more digitally rendered fiducials on the digitally rendered
model of the wearable injection guide.

FIG. 34 shows further aspects of the method of FIG. 27.
FIG. 34 shows optionally including blocks 3400, 3410, and
3420. Block 3400 depicts optionally acquiring the one or
more digital images of the body region of the individual in at
least one first expression state and at least one second expres-
sion state. Block 3410 depicts optionally comparing the one
or more digital images of the body region of the individual in
the at least one first expression state and the at least one
second expression state to determine a treatment regimen.
Block 3420 depicts optionally adding one or more digitally
rendered fiducials to the digitally rendered model of the wear-
able injection guide based on the treatment regimen, the digi-
tally rendered model of the wearable injection guide created
from the one or more digital images of the body region of the
individual in the at least one first expression state or the at
least one second expression state.

Block 3400 of FIG. 34 depicts acquiring one or more
digital images of the body region of an individual in at least
one first expression state and at least one second expression
state. For example, one or more images of the topography of
a body region of an individual’s face can be acquired while
the individual is in a first expression state, e.g., in a relaxed
state, and used to reveal lines or wrinkles present on the
individual’s face in the first expression state. One or more
images of'the topography ofthe individual’s face are acquired
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in a second expression state, e.g., a tensed or animated state.
Non-limiting examples of tensed or animated states include
laughing, smiling, frowning, grimacing or other non-relaxed
states of the individual’s face. The one or more images of the
topography of the individual’s face in the second expression
state, e.g., the animated state, can be used to reveal additional
lines or wrinkles present on the individual’s face in the second
expression state relative to the first expression state, e.g., the
relaxed state. For example, the one or more images of the
individual’s face can be acquired while the individual is
frowning and generating associated frown-line/wrinkles (gla-
bellar lines) between the eyebrows. As another example, the
one or more images of the body region of the individual’s face
can be acquired while the individual is smiling and generating
laugh lines (nasolabial folds) and/or crow’s feet near the eyes.

Returning to block 3410 of FI1G. 34, in some embodiments,
comparing the one or more digital images of the body region
of the individual in the at least one first expression state and
the at least one second expression state to determine a treat-
ment regimen includes overlaying the one or more digital
images in the first expression state and the one or more digital
images in the second expression state to identify one of more
areas of the body region in need of treatment. For example,
the one or more images of the topography of an individual’s
face in a first expression state, e.g., a relaxed state, are over-
layed with the one or more images of the topology of an
individual’s face in a second expression state, e.g., an ani-
mated state. In this manner, areas in need of treatment, e.g.,
frown lines between the eye brows or smile lines around the
mouth, can be identified and placed onto the digitally ren-
dered model of the wearable injection guide and viewed by
the physician or other practitioner. The treatment regimen
with at least one treatment parameter can then be formulated
based on the treatment need. Accordingly, one or more digi-
tally rendered fiducials indicative of the treatment parameters
can be added either automatically by the computing device or
by a physician, other practitioner, or the individual to the
digitally rendered model of a wearable injection guide. The
digitally rendered model of the wearable injection guide can
be created from the one or more digital images in the first
expression state, the one or more digital images in the second
expression state, or from some combination of digital images.

FIG. 35 shows further aspects of the method of FIG. 27.
Block 3500 depicts optionally adding one or more digitally
rendered alignment marks to the digitally rendered model of
the wearable injection guide corresponding to one or more
reference points on the body region of the individual. Block
3500 optionally includes block 3510. Block 3510 depicts
optionally digitally overlaying the one or more digitally ren-
dered alignment marks on the digitally rendered model of the
wearable injection guide with one or more reference points
identified in the one or more digital images of the body region
of'the individual. For example, the one or more digital images
of the body region may include one or more images of topo-
graphical landmarks, non-limiting examples of which
include skin pigmentation, pigmented areas such as moles or
freckles, scars, blemishes, tattoos, subsurface blood vessels,
anatomical features or any other topographical landmarks
associated with the body region of the individual that can be
used as reference points for aligning the wearable injection
guide onto the body region. One or more digitally rendered
alignment marks are added to the digitally rendered model of
the wearable injection at or near the images ofthe one or more
reference points.

Block 3520 of FIG. 35 depicts optionally adding one or
more digitally rendered injection needle access regions to the
digitally rendered model of the wearable injection guide. In
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some embodiments, adding the one or more digitally ren-
dered injection needle access regions to the digitally rendered
model of the wearable injection guide can include adding a
digitally rendered opening in the model which when manu-
factured will resultin a hole in the wearable injection guide of
appropriate diameter for insertion of an injection needle. In
some embodiments, adding one or more digitally rendered
injection needle access regions to the digitally rendered
model of the wearable injection guide can include decreasing
the thickness of specific portions of the model which when
manufactured will result in specific portions of the wearable
injection guide that are more easily penetrated by an injection
needle. In some embodiments, adding the one or more digi-
tally rendered injection needle access regions to the digitally
rendered model of the wearable injection guide can include
indicating use of a material with reduced hardness in specific
portions of the model which when manufactured will result in
specific portions of the wearable injection guide that are more
easily penetrated by an injection needle. Block 3520 option-
ally includes block 3530. Block 3530 shows optionally add-
ing the one or more digitally rendered injection needle access
regions proximal to or coincident with at least one of the one
or more digitally rendered fiducials indicative of the at least
one treatment parameter.

FIG. 36 illustrates further aspects of the method of FIG. 27.
FIG. 36 depicts block 2730 forming the wearable injection
guide from the digitally rendered model of the wearable
injection guide optionally including blocks 3600, 3610, 3620,
3630, and 3640. Block 3600 shows optionally forming the
wearable injection guide from the digitally rendered model of
the wearable injection guide using one or more of an additive
manufacturing process or a subtractive manufacturing pro-
cess. Block 3610 shows optionally forming the wearable
injection guide using stereolithography. Block 3620 shows
optionally forming the wearable injection guide using laser
scintering. Block 3630 shows optionally forming the wear-
able injection guide using three-dimensional printing. Addi-
tional non-limiting examples of methods for generating a
three-dimensional structure from digitized information
include fused deposition modeling, polyjet, vacuum casting,
reaction injection molding, or injection molding. Block 3640
shows optionally forming the wearable injection guide from
one or more of acrylic, nylon, plastic, ceramic, resin, rubber,
epoxy, thermoplastic, photopolymer, polyurethane, latex or
silicone. The type of material used for forming the wearable
injection guide is dependent upon the method used to form the
wearable injection guide and the desired properties, e.g.,
rigidity, transparency, and/or porosity, of the final product.
Exemplary materials and methods for forming a wearable
injection guide using stereolithography, laser scintering or
three-dimensional printing as well as other methods for form-
ing a wearable injection guide from digitally rendered model
of the wearable injection guide are described herein.

In some embodiments, the wearable injection guide is
formed using an additive manufacturing process. Additive
manufacturing refers to a class of manufacturing process in
which a three-dimensional object is built by adding layers of
material upon one another. Other terms include layered
manufacturing, direct digital manufacturing, or solid free-
form fabrication. Non-limiting examples of additive manu-
facturing processes include liquid-based processes, e.g., ste-
reolithography, jetted photopolymer, and ink jet printing;
powder-based processes, e.g., selective laser sintering, direct
metal laser sintering, and three-dimensional printing; and
solid-based processes, e.g., laminated object manufacturing,
fused deposition modeling. In some embodiments, the wear-
able injection guide is formed using a subtractive manufac-
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turing process. Subtractive manufacturing refers to a class of
manufacturing process in which a three-dimensional object is
built by cutting away material. Non-limiting examples of
subtractive manufacturing processes include machining,
milling, turning, and drilling. Other non-limiting examples of
manufacturing processes include molding, e.g., blow mold-
ing, injection molding, or thermoforming; and casting, e.g.,
centrifugal casting, die casting, sand casting, shell mold cast-
ing.

In some embodiments, the wearable injection guide is gen-
erated using stereolithography using one or more optically-
curable photopolymers. Non-limiting examples of materials
useful for stereolithography include poly(ethylene glycol)
1500, Accura 60, Accura 25, Accura Xtreme, Somos 9420,
Somos 11122, Somos 18420, Somos DMX, Rigi2200,
TuskXC2700T/Tusk2700W, Nano5000, Flex45, Flex65,
Flex70B, Flex 80, Protogen White. Other non-limiting
examples of stereolithography include three-dimensional
printing (3D printing), optical fabrication, photo-solidifica-
tion, solid free-form fabrication, and solid imaging.

In some embodiments, the wearable injection guide can be
generated by 3D printing using an inkjet technology, e.g.,
PolylJet™ (from Objet Ltd) in which photopolymer materials
are jetted in ultra-thin layers onto a build tray and cured layer
by layer with UV light. Non-limiting examples of materials
for use in generating a wearable injection guide using inkjet
technology include Fullcure 720, VeroWhite, VeroBlack, Ver-
oBlue, and VeroGray for rigid structures; Durus for semi-
flexible structures; and Tango Elastomers for rubber-like
structures. Other examples of 3D printers include ProJet and
ZPrinters available from 3D Systems Corporation, Rock Hill
S.C. and Freeform Pico, Asiga, Anaheim Hills, Calif.

In some embodiments, the wearable injection guide is gen-
erated using selective laser sintering in which a high power
laser, e.g., a carbon dioxide laser, is used to fuse small par-
ticles of plastic, metal, ceramic, glass powders, or combina-
tions thereof into a mass that has a desired three-dimensional
shape. Non-limiting examples of material for use in generat-
ing a wearable injection guide using laser sintering include
polyamide, nylon, carbon, hydroxyapatite, glass filled polya-
mide, and alumide.

In some embodiments, the wearable injection guide is gen-
erated using fused deposition modeling. Fused deposition
modeling is an extrusion based three-dimensional modeling
process using thermoplastic materials. Non-limiting
examples of materials for use in fused deposition modeling
include the thermoplastics ABS, ABS/F1, polycarbonate, and
Ultem 9085. The uPrint SE from Stratasys (Eden Prairie,
Minn.) or the Dimension Elite 3D printer from Dimension,
Inc. (Eden Prairie, Minn.) are non-limiting examples of sys-
tems for fused deposition modeling with thermoplastics that
might be appropriate for use in a medical clinic.

Returning to FIG. 36, the method of FIG. 27 can optionally
include block 3650. Block 3650 depicts optionally forming
the wearable injection guide by forming a three-dimensional
mold surface from the digitally rendered model of the wear-
able injection guide and using the three-dimensional mold
surface with a moldable material to generate the formed wear-
able injection guide. For example, a three-dimensional mold
surface of the individual’s face can be fabricated from a
thermoplastic material based on the digitally rendered model
of the wearable injection guide. A moldable material, e.g.,
latex, can then be poured into or over the three-dimensional
mold surface to generate the formed wearable injection guide.
The three-dimensional mold surface can be used repeatedly
to generate one or more wearable injection guides.
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FIG. 37 depicts further aspects of the method of FIG. 27.
FIG. 37 shows optionally including blocks 3700 and 3710 to
the method of generating a wearable injection guide. Block
3700 illustrates optionally coating at least a portion of one or
more surfaces of the formed wearable injection guide with at
least one agent. For example, the inner surface of a wearable
injection guide formed from a porous material, e.g., a ceramic
or hydroxyapatite, can be coated with one or more agents
following manufacture and prior to deployment onto the body
region of an individual. Block 3700 optionally includes block
3710. Block 3710 shows coating at least a portion of one or
more surfaces of the formed wearable injection guide with at
least one of an analgesic, disinfectant, antiseptic, sterilant, or
therapeutic agent, examples of which have been described
elsewhere herein. For example, a surface of one or more of the
injection needle access regions of the formed wearable injec-
tion guide can be coated with lidocaine for use in easing the
pain associated with needle injection.

Block 3720 of FIG. 37 illustrates optionally adding one or
more activatable injection event indicators to the formed
wearable injection guide. The one or more activatable injec-
tion event indicators can include one or more of a pressure
sensitive material, flowable dye, and/or needle penetrable
membrane. Block 3720 optionally includes block 3730.
Block 3730 shows optionally adding one or more coatings,
films, layers, or needle-penetrable reservoirs including the
one or more activatable injection event indicators. For
example, a pressure sensitive film can be added to the outer
surface of the wearable injection guide following manufac-
ture, the pressure sensitive film configured to change color in
response to applied pressure accompanying insertion of an
injection needle through the wearable injection guide. In
another example, needle penetrable reservoirs, e.g., bubbles
of'needle penetrable plastic encapsulating a flowable dye, can
be fixed into injection needle access regions, e.g., openings in
the rigid material of formed wearable injection guide and
release dye in response to insertion of an injection needle
through the injection needle access regions. In some embodi-
ments, the one or more needle-penetrable reservoirs can fur-
ther include one or more agents, e.g., one or more analgesic,
one or more disinfectant, antiseptic or sterilant, and/or one or
more therapeutic agent, non-limiting examples of which have
been described elsewhere herein.

FIG. 38 illustrates further aspects of the method of FIG. 27.
FIG. 38 shows optionally including blocks 3800 and 3820 to
the method of generating a wearable injection guide. Block
3800 shows optionally adding an immobilizing means to the
formed wearable injection guide. In some embodiments, the
immobilizing means is used to keep the wearable injection
guide covering a specified portion of the body region during
the injection process. Block 3810 shows optionally adding
one or more of an adhesive or a body portion-encircling piece
to the formed wearable injection guide as a means of immo-
bilizing the wearable injection guide. Other means of immo-
bilizing the wearable injection guide are contemplated
including but not limited to a sleeve or a clamp. Block 3820
shows optionally adding a thermal-regulating mechanism to
the formed wearable injection guide. The thermal regulating
mechanism can be used to either cool or heat the wearable
injection guide. For example, cooling the wearable injection
guide prior to, during, and/or after needle injection into the
underlying tissue can be used to attenuate pain and bruising
associated with needle injection. For example, heating the
wearable injection guide prior to, during and/or after needle
injection into the underlying tissue can be used to dilate blood
vessels, causing the injectable agent to disperse more rapidly
following injection. The thermal-regulating mechanism can
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include one or more of a Peltier device or thermochemical
agent added to the formed wearable injection guide. For
example, an inner surface of the wearable injection guide can
be impregnated with components of a thermochemical cool-
ing agent, e.g., ammonium nitrate, and activated just prior to
deploying the wearable injection guide onto the body region
of the individual.

In some embodiments, the method of generating a wear-
able injection guide further includes adding one or more
patient identifiers. Block 3830 shows optionally adding one
or more one or more of a barcode or radiofrequency identifi-
cation tag to the wearable injection guide. In some embodi-
ments, the barcode or radiofrequency identification tag can be
added to the digitally rendered model of the wearable injec-
tion guide and incorporated into the formed wearable injec-
tion guide during manufacture. In some embodiments, the
barcode or radiofrequency identification tag can be added to
the formed wearable injection guide after manufacture.

In some embodiments, the method of FIG. 27 optionally
includes sterilizing the formed wearable injection guide prior
to use. The formed wearable injection guide can be sterilized
using any of a number of methods including but not limited to
heat sterilization, e.g., boiling water, autoclave; radiation
sterilization, e.g., gamma rays, electron beam processing,
x-ray, ultraviolet light; or chemical sterilization, e.g., ethyl-
ene oxide, ozone, bleach, glutaraldehyde, formaldehyde,
hydrogen peroxide, and silver compounds.

FIG. 39 illustrates a method of generating a wearable injec-
tion guide for an individual. Block 3900 shows acquiring one
or more digital images of a body region of the individual. In
some embodiments, acquiring one or more digital images of
the body region of an individual includes acquiring one or
more digital images of a topography of the body region of the
individual. In some embodiments, acquiring the one or more
digital images of the body region of the individual includes
acquiring the one or more digital images with one or more of
acamera, active scanner, or passive scanner. In some embodi-
ments, acquiring the one or more digital images of the body
region includes acquiring the one or more digital images with
one or more of an ultrasound device, a photoacoustic device,
a thermal imaging device, a contact scanning device, a mag-
netic resonance imaging device, a computed tomography
device, a capacitance measuring device, or other biomedical
imaging device. Block 3910 depicts creating a digitally ren-
dered model of the wearable injection guide from the one or
more digital images of the body region of the individual. Any
ofanumber of three-dimensional modeling algorithms can be
used for this purpose, examples of which have been described
above herein.

Block 3920 of FIG. 39 depicts adding one or more digitally
rendered injection needle access regions in a treatment pat-
tern to the digitally rendered model of the wearable injection
guide. The one or more digitally rendered injection needle
assess regions can include portions of the digitally rendered
model of the wearable injection that represent an opening that
transects the digitally rendered model, a reduced thickness in
the digitally rendered model, or a reduced hardness in the
digitally rendered model. In some embodiments, adding the
one or more digitally rendered injection needle access regions
includes adding one or more digitally rendered injection
needle access regions that transect an inner surface and an
outer surface of the digitally rendered model of the wearable
injection guide at an angle of 90 degrees or at an angle less
than 90 degrees. In some embodiments, adding one or more
digitally rendered injection needle access regions includes
adding a downward tapered access surface to at least one of
the one or more digitally rendered injection needle access
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regions. The downward tapered access surface on the formed
wearable injection guide can be used to direct an injection
needle to a very specific portion of the injection needle access
region. In some embodiments, adding the one or more digi-
tally rendered injection needle access regions includes auto-
matically adding one or more digitally rendered injection
needle access regions in a treatment pattern based on compu-
tational analysis of the one or more digital images of the body
region of the individual. The computation analysis includes
determining where treatment is needed on the body region
and the appropriate pattern of injection needle access regions
needle to administer that treatment. The one or more digitally
rendered injection needle access regions are added to the
digitally rendered model of the wearable injection guide in a
treatment pattern. In some embodiments, the treatment pat-
tern is generic for a particular condition or treatment option.
In some embodiments, the treatment pattern can be specific to
an individual, patterned to accommodate specific needs and/
or anatomical features of the individual. In some embodi-
ments, the treatment pattern is part of a treatment regimen, the
treatment regimen is either a generic treatment regimen or a
treatment regimen specific for an individual.

In some embodiments, the method of FIG. 39 further
includes adding one or more digitally rendered fiducials
indicative of at least one treatment parameter to the digitally
rendered model of the wearable injection guide. The one or
more digitally rendered fiducials can be added proximal to or
coincident with the one or more digitally rendered injection
needle access regions.

Returning to FIG. 39, block 3930 illustrates forming the
wearable injection guide from the digitally rendered model of
the wearable injection guide, the formed wearable injection
guide including one or more injection needle access regions
in a treatment pattern, the one or more injection needle access
regions corresponding to the one or more digitally rendered
injection needle access regions on the digitally rendered
model of the wearable injection guide. Any of a number of
additive or subtractive manufacturing processes can be used
to form the wearable injection guide, non-limiting examples
of which have been described herein.

In some embodiments, the method of FIG. 39 further
includes adding one or more fiducials indicative of at least
one treatment parameter to the formed wearable injection
guide. The one or more fiducials can be added proximal to or
coincident with the one or more injection needle access
regions on the formed wearable injection guide. In this way,
one or more fiducials indicative of at least one treatment
parameter can be added to the wearable injection guide after
it has been manufactured, allowing for changes in the treat-
ment parameters. In some embodiments, the wearable injec-
tion guide is reusable with either fixed permanent fiducials or
replaceable fiducials, allowing for repeated use of the wear-
able injection guide and flexibility in the treatment param-
eters.

FIG. 40 illustrates a method of generating a wearable injec-
tion guide for use on a body region of an individual. Block
4000 depicts acquiring one or more digital images of a body
region of the individual. Block 4010 depicts creating a digi-
tally rendered three-dimensional mold surface model of the
body region. Block 4020 depicts developing a treatment regi-
men specific to the individual based on analysis of the digi-
tally rendered three-dimensional surface model of the body
region of the individual. Block 4030 depicts adding one or
more digitally rendered fiducials indicative of at least one
treatment parameter to the digitally rendered three-dimen-
sional surface model of the body region, the at least one
treatment parameter is a component of the treatment regimen
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specific to the individual. Block 4040 depicts printing the one
or more digitally rendered fiducials indicative of the at least
one treatment parameter onto a surface of a preformed wear-
able injection guide, the preformed wearable injection guide
configured to cover at least a portion of the body region of the
individual.

In some embodiments, developing a treatment regimen
specific to the individual based on analysis of the digitally
rendered three-dimensional surface model of the body region
includes having a physician, other practitioner, and/or the
individual analyze the digitally rendered three-dimensional
surface model on a display, e.g., a computer monitor, decide
which treatment regimen and associated treatment param-
eters are appropriate, and add one or more digitally rendered
fiducials to the digitally rendered three-dimensional surface
model representative of the treatment parameters. In some
embodiments, a computing device, e.g., the computing
device used to create the digitally rendered three-dimensional
mold surface, analyzes the features of the three-dimensional
surface and recommends or automatically adds one or more
fiducials indicative of a treatment parameter to the model.

In some embodiments, the one or more digitally rendered
fiducials are printed onto a surface of a preformed wearable
injection guide using an inkjet printer configured to print onto
three-dimensional objects (see, e.g., Xennia Xanadu, Xannia
Technology [td., Hertfordshire, UK).

FIG. 41 illustrates aspects of a system for generating a
wearable injection guide for an individual. System 4100 com-
prises at least one image capture device 4110 configured to
acquire one or more digital images of a body region 4120 of
an individual. In the embodiment illustrated in FIG. 41, the
body region 4120 is associated with an individual’s face.
However, it is contemplated that a body region from any
portion of an individual’s body, including the face, torso,
abdomen, head, neck, upper extremities, lower extremities,
buttocks, or any other body region accessible to injection can
be imaged for use in generating a wearable injection guide.
The image capture device can include one or more passive or
active scanners, digital cameras, charge-coupled device
(CCD), complementary metal oxide semiconductor
(CMORS), infrared sensor, or any other device suited to cap-
turing an image of a body region. Other non-limiting
examples of an image capture device include an ultrasound
device, a photoacoustic device, a thermal imaging device, a
contact scanning device, a magnetic resonance imaging
device, a computed tomography device, a capacitance mea-
suring device, an electomyographic device, or other biomedi-
cal imaging devices. The at least one image capture device
4110 is further configured to transmit one or more output
signals having information associated with the one or more
digital images.

System 4100 of FIG. 41 further comprises a computing
device 4130 operably linked to at least one image capture
device 4110 and including display monitor 4132. Computing
device 4130 includes non-transitory machine readable media
4135 bearing one or more instructions for generating a wear-
able injection guide from the one or more digital images of the
body region 4120 of the individual. The non-transitory
machine readable media 4135 bearing one or more instruc-
tions for generating a wearable injection guide includes one
or more instructions 4140 for controlling one or more func-
tions of the at least one image capture device 4110. In some
embodiments, the one or more instructions 4140 include one
or more instructions for controlling acquisition of the one or
more digital images of the body region of the individual with
the at least one image capture device. In some embodiments,
the one or more instructions 4140 can include one or more
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instructions for turning the image capture device on/off, one
or more instructions for modulating the quality and/or quan-
tity of radiation, e.g., light, projected on the individual, and
one or more instructions for controlling scan speed. The one
or more instructions 4140 can include one or more instruc-
tions for causing movement of the at least one capture image
capture device to allow image capture from different posi-
tions or angles relative to the individual.

The non-transitory machine readable media 4135 bearing
one or more instructions for generating a wearable injection
guide includes one or more instructions 4142 for receiving the
one or more output signals having information associated
with the one or more digital images from the at least one
image capture device 4110. In some embodiments, the one or
more instructions 4142 for receiving the one or more output
signals includes one or more instructions for receiving a
wired transmission from the at least one image capture
device. In some embodiments, the one or more instructions
4142 for receiving the one or more output signals includes
one or more instructions for receiving a wireless transmission
from the at least one image capture device.

The non-transitory machine readable media 4135 bearing
one or more instructions for generating a wearable injection
guide includes one or more instructions 4144 for creating a
digitally rendered model of the wearable injection guide from
the one or more digital images of the body region of the
individual. In some embodiments, the one or more instruc-
tions 4144 for creating the digitally rendered model of the
wearable injection guide include one or more instructions
associated with an algorithm configured to generate a digi-
tally rendered three-dimensional model based on one or more
acquired digital images. Examples of algorithms and pro-
grams for three-dimensional modeling have been described
above herein.

The non-transitory machine readable media 4135 bearing
one or more instructions for generating a wearable injection
guide includes one or more instructions 4146 for adding one
or more digitally rendered fiducials indicative of at least one
treatment parameter to the digitally rendered model of the
wearable injection guide. In some embodiments, the one or
more instructions 4146 for adding the one or more digitally
rendered fiducials includes one or more instructions for add-
ing the one or more digitally rendered fiducials a user input
device, e.g., a keyboard or touchpad associated with the com-
puting device. In some embodiments, the one or more instruc-
tions 4146 for adding the digitally rendered fiducials includes
one or more instructions for adding the one or more digitally
rendered fiducials automatically to the digitally rendered
model of the wearable injection guide based on formulating a
treatment regimen from a comparison of the acquired one or
more digital images and one or more stored digital images.
The stored digital images can include previous digital images
of the individual and/or normative or standard images. The
comparison of the acquired one or more digital images and
the one or more stored digital images by, for example an
overlay and/or subtractive process is used to identify areas in
need of treatment. Once an area has been identified as an area
in need of treatment, the computing device may automatically
add one or more digitally rendered fiducials to the digitally
rendered model in the appropriate injection site locations. In
some embodiments, the one or more instructions 4146 for
adding the one or more digitally rendered fiducials are based
on an outcome defined by the individual. For example, the
individual may request enhanced lips or reduced frown lines
based on analysis of the one or more digital images.

The non-transitory machine readable media 4135 bearing
one or more instructions for generating a wearable injection
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guide includes one or more instructions 4148 for generating
one or more model output signals having information for
forming the wearable injection guide from the digitally ren-
dered model of the wearable injection guide. The one or more
instructions 4148 for generating one or more model output
signal can include instructions for sending the model output
signal wirelessly or by wire. The one or more instructions
4148 may further include one or more instructions for con-
verting the data file containing the information regarding the
digitally rendered model of the wearable injection guide into
a format acceptable for transmission to a manufacturing
device, e.g., additive manufacturing file (AMF) format or
STL (STereoLithography) format.

System 4100 of FIG. 41 further includes manufacturing
device 4150 configured to receive the one or more model
output signals from the computing device 4130 and to form
the wearable injection guide 4160 from the digitally rendered
model of the wearable injection guide, the formed wearable
injection guide 4160 including one or more fiducials 4170
indicative of the at least one treatment parameter, the one or
more fiducials 4170 corresponding to the one or more digi-
tally rendered fiducials on the digitally rendered model of the
wearable injection guide. The manufacturing device 4150 can
include one or more of a rapid prototyping device. The manu-
facturing device 4150 can include a stereolithography device,
a laser scintering device, and/or a 3D printing device. Other
non-limiting examples of manufacturing devices for use in
forming the wearable injection guide include devices capable
of fused deposition modeling, polyjetting, vacuum casting,
reaction injection molding, or injection molding.

FIG. 42 illustrates further aspects of a system of FIG. 41.
The non-transitory machine readable media 4135 bearing one
ormore instructions for generating a wearable injection guide
can further include one or more instructions 4220 for acquir-
ing the one or more digital images of the body region of the
individual with the at least one image capture device 4110 in
at least one first expression state 4200 and at least one second
expression state 4210; one or more instructions 4230 for
comparing the one or more digital images 4205 of the body
region of the individual in the at least one first expression state
4200 and the at least one second expression state 4210 to
determine a treatment regimen; and one or more instructions
4240 for adding the one or more digitally rendered fiducials
4250 to the digitally rendered model of the wearable injection
guide 4260 based on the treatment regimen.

FIG. 43 illustrates aspects of an article of manufacture for
use in generating a wearable injection guide. Article of manu-
facture 4300 includes non-transitory machine readable media
4310 bearing one or more instructions for generating a wear-
able injection guide for administering an injectable agent to
an individual. The non-transitory machine readable media
stores instructions and/or data for use in generating a wear-
able injection guide. In an embodiment, non-transitory
machine readable media 4310 can be computer readable
media. In an embodiment, non-transitory machine readable
media 4310 can be recordable-type media. Computer read-
able media may also be recordable-type media, and the quali-
ties of being “computer readable” and “recordable-type”
should not be construed as being mutually exclusive, though
in some cases a computer readable media may not be a record-
able-type media, and vice versa. Machine readable media
include volatile and nonvolatile, removable and non-remov-
able media implemented in any method or technology for
storage of information such as machine readable instructions,
data structures, program modules, or other data. Non-transi-
tory machine readable media include, but are not limited to,
random-access memory (RAM), read-only memory (ROM),
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electrically erasable programmable read-only memory (EE-
PROM), flash memory, or other memory technology, CD-
ROM, digital versatile disks (DVD), or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage, or other magnetic storage devices, or any other media
which can be used to store the desired information. In a
further embodiment, computer storage media may include a
group of computer storage media devices. In an embodiment,
machine readable media may include an information store. In
an embodiment, an information store may include a quantum
memory, a photonic quantum memory, or atomic quantum
memory. Combinations of any of the above may also be
included within the scope of non-transitory machine readable
media.

The one or more instructions of the non-transitory machine
readable media include one or more instructions 4320 for
controlling acquisition of the one or more digital images of a
body region of the individual with at least one image capture
device; one or more instructions 4330 for receiving one or
more output signals having information associated with the
one or more digital images of the body region from the at least
on image capture device; one or more instructions 4340 for
creating a digitally rendered model of the wearable injection
guide from the one or more digital images of the body region
of the individual; one or more instructions 4350 for generat-
ing a treatment regimen for the individual based on the one or
more digital images of the body region; one or more instruc-
tions 4360 for adding one or more digitally rendered fiducials
indicative of at least one treatment parameter of the treatment
regimen to the digitally rendered model of the wearable injec-
tion guide; and one or more instructions 4370 for generating
one or more model output signals having information for
manufacturing the wearable injection guide from the digitally
rendered model of the wearable injection guide.

The state of the art has progressed to the point where there
is little distinction left between hardware, software, and/or
firmware implementations of aspects of systems; the use of
hardware, software, and/or firmware is generally (but not
always, in that in certain contexts the choice between hard-
ware and software can become significant) a design choice
representing cost vs. efficiency tradeoffs. There are various
vehicles by which processes and/or systems and/or other
technologies described herein can be effected (e.g., hardware,
software, and/or firmware), and that the preferred vehicle will
vary with the context in which the processes and/or systems
and/or other technologies are deployed. For example, if an
implementer determines that speed and accuracy are para-
mount, the implementer may opt for a mainly hardware and/
or firmware vehicle; alternatively, if flexibility is paramount,
the implementer may opt for a mainly software implementa-
tion; or, yet again alternatively, the implementer may opt for
some combination of hardware, software, and/or firmware.
Hence, there are several possible vehicles by which the pro-
cesses and/or devices and/or other technologies described
herein can be effected, none of which is inherently superior to
the other in that any vehicle to be utilized is a choice depen-
dent upon the context in which the vehicle will be deployed
and the specific concerns (e.g., speed, flexibility, or predict-
ability) of the implementer, any of which may vary. Optical
aspects of implementations will typically employ optically-
oriented hardware, software, and or firmware.

In some implementations described herein, logic and simi-
lar implementations can include software or other control
structures. Electronic circuitry, for example, may have one or
more paths of electrical current constructed and arranged to
implement various functions as described herein. In some
implementations, one or more media can be configured to
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bear a device-detectable implementation when such media
hold or transmit a device detectable instructions operable to
perform as described herein. In some variants, for example,
implementations can include an update or modification of
existing software or firmware, or of gate arrays or program-
mable hardware, such as by performing a reception of or a
transmission of one or more instructions in relation to one or
more operations described herein. Alternatively or addition-
ally, in some variants, an implementation can include special-
purpose hardware, software, firmware components, and/or
general-purpose components executing or otherwise invok-
ing special-purpose components. Specifications or other
implementations can be transmitted by one or more instances
of tangible transmission media as described herein, option-
ally by packet transmission or otherwise by passing through
distributed media at various times.

Alternatively or additionally, implementations can include
executing a special-purpose instruction sequence or invoking
circuitry for enabling, triggering, coordinating, requesting, or
otherwise causing one or more occurrences of virtually any
functional operations described herein. In some variants,
operational or other logical descriptions herein can be
expressed as source code and compiled or otherwise invoked
as an executable instruction sequence. In some contexts, for
example, implementations can be provided, in whole or in
part, by source code, such as C++, or other code sequences. In
other implementations, source or other code implementation,
using commercially available and/or techniques in the art, can
be compiled/implemented/translated/converted into a high-
level descriptor language (e.g., initially implementing
described technologies in C or C++ programming language
and thereafter converting the programming language imple-
mentation into a logic-synthesizable language implementa-
tion, a hardware description language implementation, a
hardware design simulation implementation, and/or other
such similar mode(s) of expression). For example, some or all
of a logical expression (e.g., computer programming lan-
guage implementation) can be manifested as a Verilog-type
hardware description (e.g., via Hardware Description Lan-
guage (HDL) and/or Very High Speed Integrated Circuit
Hardware Descriptor Language (VHDL)) or other circuitry
model which may then be used to create a physical imple-
mentation having hardware (e.g., an Application Specific
Integrated Circuit). Those skilled in the art will recognize
how to obtain, configure, and optimize suitable transmission
or computational elements, material supplies, actuators, or
other structures in light of these teachings.

The foregoing detailed description has set forth various
embodiments of the devices and/or processes via the use of
block diagrams, flowcharts, and/or examples. Insofar as such
block diagrams, flowcharts, and/or examples contain one or
more functions and/or operations, it will be understood by
those within the art that each function and/or operation within
such block diagrams, flowcharts, or examples can be imple-
mented, individually and/or collectively, by a wide range of
hardware, software, firmware, or virtually any combination
thereof. In one embodiment, several portions of the subject
matter described herein can be implemented via Application
Specific Integrated Circuits (ASICs), Field Programmable
Gate Arrays (FPGAs), digital signal processors (DSPs), or
other integrated formats. However, some aspects of the
embodiments disclosed herein, in whole or in part, can be
equivalently implemented in integrated circuits, as one or
more computer programs running on one or more computers
(e.g., as one or more programs running on one or more com-
puter systems), as one or more programs running on one or
more processors (e.g., as one or more programs running on
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one or more microprocessors), as firmware, or as virtually any
combination thereof, and that designing the circuitry and/or
writing the code for the software and or firmware would be
well within the skill of one of skill in the art in light of this
disclosure. In addition, the mechanisms of the subject matter
described herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative embodi-
ment of the subject matter described herein applies regardless
of the particular type of signal bearing medium used to actu-
ally carry out the distribution. Examples of a signal bearing
medium include, but are not limited to, the following: a
recordable type medium such as a floppy disk, a hard disk
drive, a Compact Disc (CD), a Digital Video Disk (DVD), a
digital tape, a computer memory, etc.; and a transmission type
medium such as a digital and/or an analog communication
medium (e.g., a fiber optic cable, a waveguide, a wired com-
munications link, a wireless communication link (e.g., trans-
mitter, receiver, transmission logic, reception logic, etc.),
etc.).

In a general sense, the various embodiments described
herein can be implemented, individually and/or collectively,
by various types of electro-mechanical systems having a wide
range of electrical components such as hardware, software,
firmware, and/or virtually any combination thereof and a
wide range of components that may impart mechanical force
or motion such as rigid bodies, spring or torsional bodies,
hydraulics, electro-magnetically actuated devices, and/or vir-
tually any combination thereof. Consequently, as used herein
“electro-mechanical system” includes, but is not limited to,
electrical circuitry operably coupled with a transducer (e.g.,
an actuator, a motor, a piezoelectric crystal, a Micro Electro
Mechanical System (MEMS), etc.), electrical circuitry hav-
ing at least one discrete electrical circuit, electrical circuitry
having at least one integrated circuit, electrical circuitry hav-
ing at least one application specific integrated circuit, electri-
cal circuitry forming a general purpose computing device
configured by a computer program (e.g., a general purpose
computer configured by a computer program which at least
partially carries out processes and/or devices described
herein, or a microprocessor configured by a computer pro-
gram which at least partially carries out processes and/or
devices described herein), electrical circuitry forming a
memory device (e.g., forms of memory (e.g., random access,
flash, read only, etc.)), electrical circuitry forming a commu-
nications device (e.g., a modem, communications switch,
optical-electrical equipment, etc.), and/or any non-electrical
analog thereto, such as optical or other analogs. Those skilled
in the art will also appreciate that examples of electro-me-
chanical systems include but are not limited to a variety of
consumer electronics systems, medical devices, as well as
other systems such as motorized transport systems, factory
automation systems, security systems, and/or communica-
tion/computing systems. Electro-mechanical as used herein
is not necessarily limited to a system that has both electrical
and mechanical actuation except as context may dictate oth-
erwise.

In a general sense, the various aspects described herein can
be implemented, individually and/or collectively, by a wide
range of hardware, software, firmware, and/or any combina-
tion thereof and can be viewed as being composed of various
types of “electrical circuitry.” Consequently, as used herein
“electrical circuitry” includes, but is not limited to, electrical
circuitry having at least one discrete electrical circuit, elec-
trical circuitry having at least one integrated circuit, electrical
circuitry having at least one application specific integrated
circuit, electrical circuitry forming a general purpose com-
puting device configured by a computer program (e.g., a



US 9,199,044 B2

63

general purpose computer configured by a computer program
which at least partially carries out processes and/or devices
described herein, or a microprocessor configured by a com-
puter program which at least partially carries out processes
and/or devices described herein), electrical circuitry forming
a memory device (e.g., forms of memory (e.g., random
access, flash, read only, etc.)), and/or electrical circuitry
forming a communications device (e.g., a modem, commu-
nications switch, optical-electrical equipment, etc.). The sub-
ject matter described herein can be implemented in an analog
or digital fashion or some combination thereof.

At least a portion of the devices and/or processes described
herein can be integrated into an image processing system. A
typical image processing system generally includes one or
more of a system unit housing, a video display device,
memory such as volatile or non-volatile memory, processors
such as microprocessors or digital signal processors, compu-
tational entities such as operating systems, drivers, applica-
tions programs, one or more interaction devices (e.g., a touch
pad, atouch screen, an antenna, etc.), control systems includ-
ing feedback loops and control motors (e.g., feedback for
sensing lens position and/or velocity; control motors for mov-
ing/distorting lenses to give desired focuses). An image pro-
cessing system can be implemented utilizing suitable com-
mercially available components, such as those typically
found in digital still systems and/or digital motion systems.

At least a portion of the devices and/or processes described
herein can be integrated into a data processing system. A data
processing system generally includes one or more ofa system
unit housing, a video display device, memory such as volatile
or non-volatile memory, processors such as microprocessors
or digital signal processors, computational entities such as
operating systems, drivers, graphical user interfaces, and
applications programs, one or more interaction devices (e.g.,
a touch pad, a touch screen, an antenna, etc.), and/or control
systems including feedback loops and control motors (e.g.,
feedback for sensing position and/or velocity; control motors
for moving and/or adjusting components and/or quantities). A
data processing system can be implemented utilizing suitable
commercially available components, such as those typically
found in data computing/communication and/or network
computing/communication systems.

One skilled in the art will recognize that the herein
described components (e.g., operations), devices, objects,
and the discussion accompanying them are used as examples
for the sake of conceptual clarity and that various configura-
tion modifications are contemplated. Consequently, as used
herein, the specific exemplars set forth and the accompanying
discussion are intended to be representative of their more
general classes. In general, use of any specific exemplar is
intended to be representative of its class, and the non-inclu-
sion of specific components (e.g., operations), devices, and
objects should not be taken limiting.

The herein described subject matter sometimes illustrates
different components contained within, or connected with,
different other components. It is to be understood that such
depicted architectures are merely exemplary, and that in fact
many other architectures can be implemented which achieve
the same functionality. In a conceptual sense, any arrange-
ment of components to achieve the same functionality is
effectively “associated” such that the desired functionality is
achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as “associated
with” each other such that the desired functionality is
achieved, irrespective of architectures or intermedial compo-
nents. Likewise, any two components so associated can also
be viewed as being “operably connected,” or “operably
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coupled,” to each other to achieve the desired functionality,
and any two components capable of being so associated can
also be viewed as being “operably couplable,” to each other to
achieve the desired functionality. Specific examples of oper-
ably couplable include but are not limited to physically mate-
able and/or physically interacting components, and/or wire-
lessly interactable, and/or wirelessly interacting components,
and/or logically interacting, and/or logically interactable
components.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application.
The various singular/plural permutations are not expressly set
forth herein for sake of clarity.

In some instances, one or more components can be referred
to herein as “configured to,” “configured by,” “configurable
to,” “operable/operative to,” “adapted/adaptable,” “able to,”
“conformable/conformed to,” etc. Those skilled in the art will
recognize that such terms (e.g. “configured to”’) can generally
encompass active-state components and/or inactive-state
components and/or standby-state components, unless context
requires otherwise.

While particular aspects of the present subject matter
described herein have been shown and described, changes
and modifications can be made without departing from the
subject matter described herein and its broader aspects and,
therefore, the appended claims are to encompass within their
scope all such changes and modifications as are within the
true spirit and scope of the subject matter described herein.
Terms used herein, and especially in the appended claims
(e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including” should be inter-
preted as “including but not limited to,” the term “having”
should be interpreted as “having at least,” the term “includes”
should be interpreted as “includes but is not limited to,” etc.).
It will be further understood by those within the art that if a
specific number of an introduced claim recitation is intended,
such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For
example, as an aid to understanding, the following appended
claims may containusage of the introductory phrases “at least
one” and “one or more” to introduce claim recitations. How-
ever, the use of such phrases should not be construed to imply
that the introduction of a claim recitation by the indefinite
articles “a” or “an” limits any particular claim containing
such introduced claim recitation to claims containing only
one such recitation, even when the same claim includes the
introductory phrases “one or more” or “at least one” and
indefinite articles such as “a” or “an” (e.g., “a” and/or “an”
should typically be interpreted to mean “at least one” or “one
or more”); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such reci-
tation should typically be interpreted to mean at least the
recited number (e.g., the bare recitation of “two recitations,”
without other modifiers, typically means at least two recita-
tions, or two or more recitations). Furthermore, in those
instances where a convention analogous to “at least one of A,
B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would under-
stand the convention (e.g., “a system having at least one of A,
B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to “at least
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oneof A, B, or C, etc.” is used, in general such a construction
is intended in the sense one having skill in the art would
understand the convention (e.g., “a system having at least one
of'A, B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
It will be further understood by those within the art that
typically a disjunctive word and/or phrase presenting two or
more alternative terms, whether in the description, claims, or
drawings, should be understood to contemplate the possibili-
ties of including one of the terms, either of the terms, or both
terms unless context dictates otherwise. For example, the
phrase “A or B” will be typically understood to include the
possibilities of “A” or “B” or “A and B.”

PROPHETIC EXAMPLES
Example 1

A Wearable Injection Guide for Treating a Facial
Region of an Individual with Botulinum Toxin

Construction and use of a rigid wearable injection guide
are described. The wearable injection guide is constructed of
a rigid material substantially impenetrable to an injection
needle and including one or more injection needle access
regions. The wearable injection guide is formed based on a
digitally rendered model of the wearable injection guide and
is used for guiding injection of botulinum toxin into wrinkles
associated with a forehead region of an individual.

A digitally rendered model of a wearable injection guide is
generated from one or more digital images of the body region
of the individual’s face, including at least a portion of the
individual’s forehead. Briefly, two charge-coupled device
cameras and a projector connected to a computer are used to
scan the body region of the individual’s face as described in
Feng et al. Brit. J. Oral Maxillofacial Surg. (2010) 48:105-
109, which is incorporated herein by reference. The individu-
al’s face is exposed to structured light to collect an optical
representation of the body region by a point cloud of up to
300,000 points in three-dimensional coordinates. The three-
dimensional coordinates are acquired by the computer and
used to construct a digitally rendered model of the wearable
injection guide using a CAD/CAM software package, e.g.,
Geomagic Studio (Morrisville, N.C.).

A triangular pattern of 9 to 13 digitally rendered injection
needle-access regions are added to the forehead region of the
digitally rendered model of the wearable injection guide. The
9 to 13 digitally rendered injection needle-access regions
correspond to openings in the rigid material of the formed
wearable injection guide through which injection needles can
be inserted for injection of botulinum toxin into the underly-
ing tissue of the body region once the formed wearable injec-
tion guide is deployed on the surface of the individual’s face.
The digitally rendered injection needle-access regions are
placed on the digitally rendered model of the wearable injec-
tion guide in portions of the guide corresponding to the fol-
lowing portions of the individual’s face: 0.5 centimeters
below the lateral brow; in the midpupillary line, halfway
between the eyebrow and the frontal scalp on each side of the
model; at the vertex of the forehead; at the midline just below
the meeting of the eyebrows; at the midline of the forehead,
halfway between the nasal radix and the vertex of the scalp;
and over the corrugators, approximately 1 centimeter above
the medial portion of the each eyebrow (see, e.g., Bain et al.,
Aesthetic Surg. J. (2006) 26:617-619, which is incorporated
herein by reference).
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One or more digitally rendered fiducials indicating the
prescribed dose of botulinum toxin for injection at each of the
injection needle access regions is added to the digitally ren-
dered model of the wearable injection guide by a physician or
other practitioner using a user input device, e.g., akeyboard or
touchpad associated with the computer. Typical dosages per
injection site range from 1 to 6 units of botulinum toxin. One
unit is defined as the median lethal dose in mice. The median
lethal dose in humans is estimated at 3500 U. The physician or
other practitioner decides how many units should be injected
per injection site based on the depth and/or intensity of the
wrinkles on the individual’s forehead.

The wearable injection guide including one or more injec-
tion needle access regions and one or more fiducials indica-
tive of at least one treatment parameter is formed from the
digitally rendered model of the wearable injection guide
using a commercially available 3D printer. An example of a
3D printer appropriate for a physician’s office, for example,
includes the uPrint SE system (from Stratasys, Eden Prairie,
Minn.). In this example, software associated with the 3D
printer system converts an STL format file containing data
regarding the digitally rendered model of the wearable injec-
tion guide into deposition paths that guide the extrusion head
of the printer, printing the wearable injection guide layer by
layer. The wearable injection guide, with an overall thickness
of 3 mm, is produced from a thermoplastic material, e.g.,
acrylonitrile butadiene styrene (ABS). Several wearable
injection guides specifically designed for the individual can
be printed and used at subsequent treatment appointments.
Similarly, the information used to form the wearable injection
guide can be saved for printing additional guides in the future.

The physician or other practitioner prepares the botulinum
toxin, e.g., botulinum toxin A (BOTOX®), for injection. A
100 Unit vial of BOTOX®, which has been stored frozen, is
thawed and mixed with 2.5-4.0 milliliters (ml) of 0.9% non-
preserved sterile saline solution to create a final concentration
of 40-25 Units/ml. Saline including a preservative or water
for injection (WFI) can also be used for this purpose.

The inner surface of the wearable injection guide is coated
with a thin layer of petroleum jelly (e.g., Vaseline®) and the
wearable injection guide is placed on the face of the indi-
vidual. In some instances, depending on the sensitivity/pain
threshold of the individual, the inner surface of the wearable
injection guide can also be coated with a layer of anesthetic
cream, e.g., eutectic mix of local anesthetics lidocaine (2.5%)
and prilocalne (2.5%). Alternatively, the wearable injection
guide can be cooled in a refrigerator to 5-10 degrees centi-
grade prior to placement on the individual’s face as a means
of reducing the pain of injection and/or post-injection swell-
ing. A 1 or 3 ml syringe with a 30-gauge needle is used for
injection, although needles ranging in gauge from 27 to 32
can be used for this purpose. Appropriate length needles for
this purpose include V2 (12.7 mm) inch, %6 inch (8 mm) and
%6 inch (5 mm) lengths. The needles are inserted through
injection needle access regions and botulinum toxin is
injected through the injection needles and into the underlying
muscle of the forehead.

The individual may return from 30 to 120 days for a repeat
course of injections, depending upon the sustainability of the
treatment. In repeat visits, the same wearable injection guide
may be used with the same injection needle access regions
and fiducials, if appropriate. Alternatively, the physician or
other practitioner may alter the fiducials indicating new treat-
ment parameters. Alternatively, the physician or other prac-
titioner may choose to print a new wearable injection guide
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with or without modifications to the pattern of injection
needle access regions and/or the one or more fiducials indica-
tive of a treatment parameter.

Alternative patterns of injection needle access regions can
be considered depending upon the region of the face in need
of treatment. For example, the treatment pattern can include
one or more injection needle access regions arranged for
treatment of the glabella. In this instance, the glabella region
can be divided into the superior-lateral region and the central
and inferomedial regions. The one or more injection needle
access regions are arranged in the superior-lateral region over
the medial portion of the corrugators muscle near its origin.
One or more additional injection needle access regions are
arranged over the mid portion of the muscle belly. Each of
these sites includes one or more fiducials indicating 5 units of
botulinum toxin. In addition, one or more injection needle
access regions are arranged over the middle of the procerus
muscle belly which is slightly off midline at the levels of the
superior orbital rims. This pattern is repeated on other side.
Each ofthese sites is includes one or more fiducials indicating
6 units of botulinum toxin. One or more injection needle
access region is added over the depressor supercilli muscle,
which is approximately 1 centimeter above the medial canthal
tendon on both sides. Each of these sites includes one or more
fiducials indicating 3 units of botulinum toxin.

In another example, the treatment pattern can include one
or more injection needle access regions arranged for treat-
ment of periorbital wrinkles, i.e., “crow’s feet,” with the one
ormore injection needle access regions placed approximately
1 centimeter lateral to the lateral canthus at the outermost
portion of the bony orbital rim, correlating approximately
with the 10 o’clock position of the orbicularis oculi muscle.
Additional injection needle access regions are incorporated
into the wearable injection guide at the half-past-nine posi-
tion, the half-past-8 position and the half-past-7 positions.
Each site is further includes one or more fiducials indicating
3 units of botulinum toxin.

Example 2

A Wearable Injection Guide for Treating a Facial
Region of an Individual with Hyaluronic Filler

Construction and use of a rigid, agent coated wearable
injection guide are described. The wearable injection guide is
constructed of a rigid material based on the topography of the
body region of an individual, the rigid material being a porous
material substantially impenetrable to an injection needle and
including one or more injection needle access regions, coated
with one or more agents and used for treating skin folds
associated with the nasolabial folds, i.e., “laugh lines,” of an
individual’s face with injected hyaluronic acid filler.

A digitally rendered model of a wearable injection guide is
generated from one or more digital images of at least a portion
an individual’s face with particular emphasis on the nasola-
bial folds. In an embodiment, the digitally rendered model of
the wearable injection guide is generated using the image
capture methods described in Example 1. Alternatively, the
digitally rendered model of the wearable injection guide is
generated using a PRIMOS optical three-dimensional in vivo
skin measurement device (GFMesstechnik, Teltow, Ger-
many). This system projects structured light, e.g., a parallel
stripe pattern, onto the body region of the individual which is
depicted on a charge-coupled device chip of a shooting cam-
era through a shooting optic. The measurement system con-
sists of a freely movable optical measurement head (with an
integrated micro-mirror projector, a projection optic, a shoot-
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ing optic, and a charge-coupled device recording camera)
together with a computer system. The three-dimensional
effect is achieved by deflection of the parallel projection
stripes by the topography of the body region of the individual.
The deflections are digitalized and quantitatively evaluated
using software. Mathematical algorithms are used to generate
a three-dimensional image of the body region of the indi-
vidual which becomes the basis for the digitally rendered
model of the wearable injection guide (see, e.g., Friedman et
al., Dermatol. Surg. (2002) 28:3; Jacobi et al., Skin Res.
Technol. (2004) 10:207-214; Levenberg Fur J. Dermatol.
(2010) 20:615-619, which are incorporated herein by refer-
ence).

A pattern of one to ten digitally rendered injection needle
access regions are added to the digitally rendered model of the
wearable injection guide. Injection of hyaluronic acid into the
nasolabial folds can be done at a single injection site by the
process of threading or at multiple injection sites along the
fold. Threading involves injecting the needle under the skin
all the way to a distant point and then slowly removing the
needle while releasing the injectable agent. To accommodate
threading, in which the injection needle is injected at an angle
of about 10 to 30 degrees relative to the body region, the
digitally rendered injection needle access regions are mod-
eled into the digitally rendered model of the wearable injec-
tion guide at an angle of less than 90 degrees relative to the
surface of the wearable injection guide. If multiple injection
sites are used, multiple digitally rendered injection needle
access regions are modeled into the digitally rendered model
of the wearable injection guide along the linear path of the
nasolabial fold.

One or more digitally rendered fiducials are also added to
the digitally rendered model of the wearable injection guide
indicating the dosage of hyaluronic acid filler to be used at
each injection site. For injection into the nasolabial folds, the
injection volume can be as high as 6 ml per fold, although
preferably 1-3 ml per fold, and depends upon the depth of the
folds and how much “correction” is desired by the individual.
The physician or other practitioner can determine the appro-
priate dosage of the hyaluronic filler by assessing the depth of
the nasolabial fold from viewing either the individual’s face
directly or the captured and processed three-dimensional
image of the individual’s face on a computer monitor (see,
e.g., Prager & Steinkraus Eur. J. Dermatol. (2010) 20:748-
752, which is incorporated herein by reference). Alterna-
tively, the computing device used to generate the digitally
rendered model of the wearable injection guide can include
one or more algorithms to determine the appropriate dosage
based on the captured image information.

The wearable injection guide is produced by 3D printing
from the digitally rendered model of the wearable injection
guide as described in Example 1. Alternatively, the wearable
injection guide is produced by 3D printing from the digitally
rendered model of the wearable injection guide using a laser
sintering process with a powder starting material. For
example, hydroxyapatite powder in combination with a poly-
mer-based binder solution can be used to generate a porous
ceramic-like structure (see, e.g., Seitz et al., J. Biomed. Mater.
Res. Part B: Appl. Biomater (2005) 74B:782-788, which is
incorporated herein by reference). The porous inner surface
of the resulting wearable injection guide is coated with a
disinfectant, e.g., a 7% povidine-iodine solution and with a
eutectic mix of local anesthetic lidocaine (2.5%) and prilo-
calne (2.5%). The inner surface of the wearable injection
guide is covered with a protective sheet to prevent the disin-
fectant and anesthetic from prematurely flowing away.
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The surface of the individual’s face is wiped with a disin-
fectant, e.g., rubbing alcohol, and the wearable injection
guide is immobilized on the individual’s face using Velcro®
straps. The hyaluronic acid filler for injection is preferably
one of the agents approved by the United States Food & Drug
Administration (FDA), e.g., Restylane® (from Medicis Aes-
thetics Inc., Scottsdale, Ariz.). Restylane is provided by the
manufacturer in a disposable glass syringe. Needles /2 inch in
length and either 29 or 30 gauge are recommended for use
with this product. Injection of the hyaluronic acid filler
through the wearable injection guide is carried out based on
the placement of the injection needle access regions and the
one or more fiducials indicating the treatment parameters.

Example 3

A Wearable Injection Guide for Treating
Blepharospasm (Eye-Lid Spasm) with Botulinum
Toxin

Construction and use of a wearable injection guide are
described. The wearable injection guide is constructed of a
rubber-like needle penetrable material based on a digitally
rendered model of the wearable injection guide that includes
topography of a body region of an individual and used for
treating blepharospasm (eye-lid spasm) with botulinum
toxin.

A digitally rendered model of the wearable injection guide
is generated from one or more digital images of the body
region of an individual’s face, with particular emphasis on the
eye-lids. In an embodiment, the digitally rendered model of
the wearable injection guide can be generated using the image
capture and modeling methods described in Example 1 or
Example 2. Alternatively, three-dimensional images are cap-
tured with the DSP400 and MU2 photogrammetric face scan-
ners, non-contact scanners for capturing photographic
images from multiple, e.g., four, viewpoints using separate
charge-coupled device cameras (from, 3dMD, Atlanta, Ga.).
Various landmarks on the face are used to align the images
and can include the inner and outer canthi of both eyes, the
center of the upper lip, the outer corners of the mouth, the
intersection of the frontal bone and two nasal bones of the
skull (nasion), the tip of the nose (pronasale), a subnasal
point, and a chin point. The images are used to form a three-
dimensional image that is incorporated into the digitally ren-
dered model of the wearable injection guide using one or
more of a three-dimensional modeling software program
(see, e.g.,Gwilliametal., Fur. J. Orthodontics (2006) 28:408-
415, which is incorporated herein by reference).

One or more digitally rendered fiducials indicative of at
least one treatment parameter pertaining to injection of botu-
linum toxin are added to the digitally rendered model of the
wearable injection guide for use over the eye-lid area of the
individual. For the treatment of blepharospasm with a botu-
linum toxin, e.g., BOTOX® (from, Allergan, Inc., Irvine,
Calif), the one or more digitally rendered fiducials are placed
on the digitally rendered model on portions of the guide
corresponding to regions either proximal to or over the medial
and lateral pre-tarsal orbicularis oculi of the upper lid and into
the lateral pre-tarsal orbicularis oculi of the lower lid. Care is
taken not to place injection sites near the levator palpebrae
superioris and the medial lower lid to avoid complications of
ptosis and diplopia, respectively. A series of 5 to 10 digitally
rendered fiducials corresponding with 5 to 10 individual
injection sites per eye are added to the digitally rendered
model of the wearable injection guide as well as an indication
ofhow many units of botulinum toxin should be injected, e.g.,
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1.25 to 3.0 units per injection, for a total of 30 units per eye.
The one or more digitally rendered fiducials are also placed to
avoid injection into an underlying blood vessel. The location
of underlying blood vessels can be imaged using a light
emitting diode illumination system such as that described in
U.S. Patent Application 2008/0306392, which is incorpo-
rated herein by reference. The resulting images are incorpo-
rated into the digitally rendered model of the wearable injec-
tion guide to guide placement of the one or more digitally
rendered fiducials to avoid having the final fiducials on the
formed wearable injection guide overlapping with an under-
lying blood vessel.

The digitally rendered model of the wearable injection
guide is constructed such that the inner surface is separated
from the outer surface by a distance that allows injection
needles of a certain length to only reach a certain depth into
the underlying tissue of the body region. For example, the
inner surface can be uniformly separated from the outer sur-
face by a fixed thickness, e.g., 2 mm.

The digitally rendered model of the wearable injection
guide with a 2 mm thickness is printed using a rubber-like
elastomer, e.g., TangoPlus™ (from Objet Inc., Billeric,
Mass.) to generate a wearable injection guide that allows for
penetration of an injection needle, but only to the hub of the
needle. As such, a needle 4 mm in length only reaches a depth
of 2 mm into the underlying tissue of the body region when
inserted through a wearable injection guide with a thickness
of 2 mm.

The wearable injection guide is affixed to the individual’s
face with either an adhesive or straps. For example, one or
more pieces of double stick tape are stuck to the inner surface
of the wearable injection guide and subsequently used to
adhere the wearable injection guide to the individual’s face.
BOTOX® is prepared for injection per the manufacturer’s
instructions. A 30 gauge needle with a length of 4 mm is used
for injecting 1-3 units of BOTOX® per injection site depend-
ing upon the content of the one or more fiducials. The injec-
tion needles are inserted through the needle-penetrable mate-
rial of the wearable injection guide per the one or more
fiducials to a stop point defined by the hub of the injection
needle and the BOTOX is injected into the underlying eyelid
area to a depth of 2 mm. Each treatment lasts approximately
three months, following which the procedure may be
repeated. At that time, the one or more fiducials related to
dosing and position of injection may be modified and a new
wearable injection guide printed.

Example 4

A Wearable Injection Guide for Self-Injection of
Ovulation Stimulation Hormones

A wearable injection guide for self-injecting one or more
hormones into the upper thigh to induce ovulation as part of
in-vitro fertilization therapy is constructed from a digitally
rendered model of the wearable injection guide based on one
or more digital images of the body region of the individual.

One or more digital images of the body region of the upper
thigh of the individual are acquired using one of the methods
previously described herein. Alternatively, one or more digi-
tal images of the body region of the upper thigh of the indi-
vidual is acquired with a standard digital camera and com-
bined with one or more images of blood vessels at or near the
surface of the skin. An example of an apparatus for imaging
blood vessels is described in U.S. Pat. No. 6,522,911, which
is incorporated herein by reference. When intended for use on
the upper thigh of an individual, the topography of the body
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region may or may not be incorporated into the digitally
rendered model of the wearable injection guide. However,
topographical landmarks, e.g., freckles, moles, tattoos, etc.,
associated with the body region of the upper thigh can be used
as reference points for adding one or more digitally rendered
alignment marks to the digitally rendered model of the wear-
able injection guide.

A series of digitally rendered injection needle-access
regions are added to the digitally rendered model of the wear-
able injection guide. The number of access regions is depen-
dent upon the number of planned injections during the ovu-
lation cycle, which is further dependent upon the types of
injectable hormones used. Eggs are matured in vivo prior to
harvesting for in vitro fertilization using some combination of
gonadotropin-releasing hormone (GnRH) antagonists, fol-
licle-stimulating hormone (FSH), and human chorionic gona-
dotropin (hCGQG). In this example, the wearable injection guide
is designed for use with multiple injections of the GnRH
antagonist leuprolide acetate, e.g., Lupron, and FSH over the
course of 14 to 21 days and a final injection with hCG two
days prior to harvesting eggs and is individualized to the
individual’s menstrual cycle. One or more digitally rendered
fiducials indicative of at least one treatment parameter are
added to the digitally rendered model of the wearable injec-
tion prior to manufacture. The one or more digitally rendered
fiducials indicate the type of drug to be injected, the dose of
drug to be injected, and/or the day in the treatment cycle. The
one or more digitally rendered fiducials are added proximal to
the digitally rendered injection needle-access regions on the
digitally rendered model of the wearable injection guide. The
wearable injection guide is produced from the completed
digitally rendered model of the wearable injection guide
using one of the manufacturing methods described herein.

An illustrative example of a wearable injection guide for
self-injection of Lupron and FSH over the course of 14 to 21
days is provided in FIG. 44. Wearable injection guide 4400
configured for placement on the body region of the upper
thigh 4410 of an individual includes a series of injection
needle access regions 4430. The wearable injection guide
4400 has an orientation 4420 that allows the user to decipher
the one or more fiducials, e.g., letters and/or numbers, on the
wearable injection guide 4400 when it is deployed on the
user’s upper thigh 4410 but would otherwise appear upside-
down to another person viewing the wearable injection guide
4400 on said user’s upper thigh 4410.

In this example, the wearable injection guide is adhered to
the upper thigh using a reversible adhesive. The wearable
injection guide can be left in place for the full treatment
period or removed after each daily injection. One or more
alignment marks on the wearable injection guide are used to
align the wearable injection guide to references points on the
skin of the upper thigh, e.g., two or more freckles. In general,
the injection cycle is as follows: On day 1 (which corresponds
to day 21 of the menstrual cycle) the injection cycle is initi-
ated by injecting the first Lupron injection. On day 9-12
(which corresponds to the day after the beginning of men-
struation and is variable depending upon number of days in
cycle) initiate 7 days of FSH injection. On day 16, finish
injection cycle with last injections of Lupron and FSH and a
single injection of HCG. Egg retrieval is done 2 days after
HCG injection. One or more fiducials are included on the
wearable injection guide to guide the individual on appropri-
ate daily injections. In the non-limiting example depicted in
FIG. 44, a first column 4440 of injection needle access
regions 4430 are marked with an “L”” for Lupron and num-
bered in a descending manner to indicate the first day of
Lupron injection, the second day of Lupron injection, etc., out

20

25

30

40

45

50

55

72

to the twelfth day of Lupron injection. A second column 4450
and a third column 4460 of injection needle access regions
4430 are marked with an “L.” and “FSH” respectively and are
similarly numbered to indicate the injection day. The fourth
column 4470 contains a single injection needle access region
4430 reserved for the final injection with hCG two days prior
to harvesting of eggs. In some instances, oral birth control
pills may be combined with the injections to control the
menstrual cycle. In this instance, 12-21 days of oral birth
control pills may be given prior to initiation of Lupron injec-
tions.

The wearable injection guide for use in fertility treatment
can include an alternative treatment regimen. For example, a
second treatment option includes oral birth control pills, fol-
lowed by injection of FSH and the GnRN antagonist Ganire-
lix. In this regimen, the wearable injection guide includes one
or more fiducials indicating 6 separate injections of FSH,
followed by combined injection of FSH and Ganirelix for 4
days, followed by a final injection of HCG. Prior to initiating
injection treatment, oral birth control pills are given for 17
days at which point pills are stopped. This is day 1. At day 6,
daily FSH injection is started. At day 11, daily Ganirelix
injection is added and on day 14, the injection treatment
regimen ends with HCG injection. Eggs are retrieved 2 days
later.

Example 5

A Wearable Injection Guide with One or More
Activatable Injection Event Indicators

A wearable injection guide for guiding injection of an
injectable agent including one or more activatable injection
event indicators is described for use in self-injection of an
injectable agent, e.g., an antibiotic, into the upper thigh. In
this example, the antibiotic is Rocephin® (from Genentech
USA Inc., South San Francisco, Calif.), a broad-spectrum
cephalosporin antibiotic.

One or more digital images of the body region of the
individual’s upper thigh are acquired by a digital camera and
transferred to a computing device. The one or more digital
images include one or more reference points, e.g., freckles,
associated with the body region ofthe individual’s thigh. If no
reference points are available on the body region, the physi-
cian or other practitioner may place one or more marks, e.g.,
semi-permanent ink spots, on the body region for use as one
or more reference points. The digital images including the
one or more reference points are used to generate a digitally
rendered model of the wearable injection guide. One or more
digitally rendered alignment marks coinciding with the one or
more reference points on the body region are added to the
digitally rendered model of the wearable injection guide.

One or more digitally rendered fiducials indicative of at
least one treatment parameter are added to the digitally ren-
dered model of the wearable injection guide. The one or more
digitally rendered fiducials indicate the treatment parameters
for Rocephin®, the latter of which depend upon the severity
of'the infection. The recommended dose for Rocephin is 1 to
2 grams given once a day (or in equally divided doses twice a
day) for 4 to 14 days, and possibly longer for complicated
infections. For infections caused by Staphylococcus aureus
(MSSA), for example, the recommended daily dose is 2 to 4
grams, not to exceed 4 grams. One or more fiducials are
digitally added to digitally rendered model of the wearable
injection guide reflecting the dosing recommended by the
physician or other practitioner. For 2 grams daily over 14
days, each of 28 injection sites on the wearable injection
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guide are marked with one or more fiducials indicating the
dose (1 gram), the time of day (day or night) and the day
(1-14). The specific treatment parameters are specified by the
patient’s caregiver.

The wearable injection guide is formed from the digitally
rendered model of the wearable injection guide using a 3D
printing method. Preferably at least a portion of the wearable
injection guide is transparent such that alignment marks on
the wearable injection guide can be aligned with one or more
underlying reference points, e.g., freckles, on the body
region. A transparent wearable injection guide is formed from
the digitally rendered model of the wearable injection guide
using 3D printing with Objet FullCure720™ using an Objet
Connex 3D printer (from, Objet Inc., Billeric, Mass.). To
form a more rubber-like semi-translucent wearable injection
guide, the digitally rendered model of the wearable injection
guide can be printed using Objet TangoPlus FullCure930 and
an Eden 3-Dimensional Printing System (both from Objet
Inc., Billeric, Mass.).

Once the wearable injection guide is printed, a layer of
pressure sensitive film, e.g., FujiFilm Prescale extreme low
pressure film (distributed by Tekscan, Inc., Boston, Mass.) is
adhered to the outer surface of the wearable injection guide.
The pressure sensitive film is used as an activatable injection
event indicator to indicate whether or not a given area of the
wearable injection guide has been previously accessed. In
some embodiments, at least a portion of the pressure sensitive
film is transparent, enabling the intended user to be able to
read the one or more fiducials that have been otherwise
printed on the wearable injection guide. Alternatively, the
pressure sensitive film is situated such that the one or more
fiducials are readable relative to placement of the pressure
sensitive film. One or more biocompatible adhesive strips are
affixed to the inner surface of the wearable injection guide and
used to adhere the wearable injection guide to the body region
of the individual.

Prior to deploying the wearable injection guide, the body
region of the individual’s thigh is thoroughly swabbed with
alcohol to disinfect the area. The wearable injection guide is
deployed onto the body region of the individual by aligning
the one or more alignment marks on the wearable injection
guide with one or more reference points on the body region.
A 500 milligram (mg) vial of Rocephin powder is reconsti-
tuted with 1 ml of an appropriate diluent, e.g., sterile water, to
a final concentration of 350 mg/ml. Alternatively, the
Rocephin powder can be reconstituted in 1% lidocaine hydro-
chloride to ease the pain of injection. A 3 ml syringe with a
1¥21inch 22 gauge needle is used to inject the appropriate dose
of Rocephin through the wearable injection guide at the
appropriate site and into the underlying intramuscular region
of the thigh. The appropriate site is based on the one or more
fiducials and whether or not the activatable injection event
indicator has been previously activated.

All of the above U.S. patents, U.S. patent application pub-
lications, U.S. patent applications, foreign patents, foreign
patent applications and non-patent publications referred to in
this specification and/or listed in any Information Disclosure
Statement, are incorporated herein by reference, to the extent
not inconsistent herewith.

With respect to the appended claims, the recited operations
therein may generally be performed in any order. Also,
although various operational flows are presented in a
sequence(s), it should be understood that the various opera-
tions may be performed in other orders than those which are
illustrated, or may be performed concurrently. Examples of
such alternate orderings may include overlapping, inter-
leaved, interrupted, reordered, incremental, preparatory,
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supplemental, simultaneous, reverse, or other variant order-
ings, unless context dictates otherwise. Furthermore, terms
like “responsive to,” “related to,” or other past-tense adjec-
tives are generally not intended to exclude such variants,
unless context dictates otherwise.

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
ent to those skilled in the art. The various aspects and embodi-
ments disclosed herein are for purposes of illustration and are
not intended to be limiting, with the true scope and spirit
being indicated by the following claims.

What is claimed is:

1. A personalized wearable injection guide comprising:

a rigid material fabricated based on a specific topography
of a patient’s face to substantially conform in shape to
contours of the patient’s face, the rigid material substan-
tially impenetrable to an injection needle;

one or more injection needle access regions, each of the one
or more injection needle access regions including a por-
tion of the rigid material defining an opening, the one or
more injection needle access regions arranged in a
patient-specific treatment pattern determined by the
patient’s distribution of facial lines or wrinkles; and

an activatable injection event indicator associated with at
least one of the one or more injection needle access
regions.

2. The personalized wearable injection guide of claim 1,

wherein at least a portion of the rigid material comprises:

a transparent thermoplastic material.

3. The personalized wearable injection guide of claim 1,
wherein the rigid material includes a needle-depth limiting
thickness proximate to or at least partially coincident with at
least one of the one or more injection needle access regions
and configured to limit a depth to which an injection needle
can be injected into the patient.

4. The personalized wearable injection guide of claim 1,
wherein the rigid material includes a first needle-depth lim-
iting thickness proximate to or at least partially coincident
with a first of the one or more injection needle access regions
and configured to limit injection into the patient to a first
depth and a second needle-depth limiting thickness proxi-
mate to or at least partially coincident with a second of the one
or more injection needle access regions and configured to
limit injection into the patient to a second depth.

5. The personalized wearable injection guide of claim 1,
wherein the portion of the rigid material defining the opening
includes a portion of the rigid material defining an opening
that transects the rigid material at an angle of less than 90
degrees relative to an adjacent surface of the rigid material.

6. The personalized wearable injection guide of claim 1,
wherein the portion of the rigid material defining the opening
comprises:

a downward tapered access surface configured to guide an

injection needle to a center of the opening.

7. The personalized wearable injection guide of claim 1,
wherein the activatable injection event indicator comprises:

a pressure sensitive dye incorporated into or near the at
least one of the one or more injection needle access
regions.

8. The personalized wearable injection guide of claim 1,

wherein the activatable injection event indicator comprises:

a flowable dye stored in a needle-penetrable reservoir
incorporated into at least one of the one or more injection
needle access regions.
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9. The personalized wearable injection guide of claim 1,
wherein the activatable injection event indicator comprises:

an oxygen sensitive dye or a moisture sensitive dye stored

in a needle-penetrable reservoir incorporated into at
least one of the one or more injection needle access
regions.

10. The personalized wearable injection guide of claim 1,
wherein the activatable injection event indicator comprises:

a needle-penetrable membrane.

11. The personalized wearable injection guide of claim 1,
further comprising:

one or more fiducials indicative of at least one patient-

specific treatment parameter, wherein the at least one
patient-specific treatment parameter is part of a treat-
ment regimen.

12. The personalized wearable injection guide of claim 11,
wherein at least one of the one or more fiducials indicative of
the at least one patient-specific treatment parameter is posi-
tioned proximal to at least one of the one or more injection
needle access regions.

13. The personalized wearable injection guide of claim 11,
wherein the one or more fiducials indicative of the at least one
patient-specific treatment parameter comprise:

one or more of a color, a number, a letter, a shape,

crosshairs, or combinations thereof indicative of the at
least one patient-specific treatment parameter.

14. The personalized wearable injection guide of claim 11,
wherein the one or more fiducials indicative of the at least one
patient-specific treatment parameter comprise:

one or more fiducials indicative of at least one of a type and

a dose of an injectable agent to be injected at at least one
of'the one or more injection needle access regions.

15. The personalized wearable injection guide of claim 14,
wherein the one or more fiducials are indicative of at least one
of'a type and a dose of an injectable neurotoxin to be injected
at at least one of the one or more injection needle access
regions.

16. The personalized wearable injection guide of claim 14,
wherein the one or more fiducials are indicative of at least one
of a type and a dose of an injectable subcutaneous volume
enhancer or an injectable dermal filler to be injected at at least
one of the one or more injection needle access regions.

17. The personalized wearable injection guide of claim 11,
wherein the one or more fiducials indicative of the at least one
patient-specific treatment parameter comprise:

one or more fiducials indicative of at least one needle

injection depth of at least one type of injectable agent to
be injected at at least one of the one or more injection
needle access regions.

18. The personalized wearable injection guide of claim 1,
further comprising:

at least one agent-containing reservoir associated with the

rigid material and configured to store one or more of an
analgesic, disinfectant, antiseptic, sterilant, or therapeu-
tic agent.

19. The personalized wearable injection guide of claim 18,
wherein the at least one agent-containing reservoir associated
with the rigid material comprises:

at least one agent-containing reservoir incorporated proxi-

mal to or coincident with at least one of the one or more
injection needle access regions.

20. The personalized wearable injection guide of claim 1,
further comprising:

ameans forimmobilizing the rigid material on the patient’s

face.
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21. A method of administering an injection treatment to a
patient comprising:

inserting one or more injection needles through one or

more injection needle access regions of a personalized
wearable injection guide, the personalized wearable
injection guide including a rigid material fabricated
based on a specific topography of a patient’s face to
substantially conform in shape to contours of the
patient’s face, the rigid material substantially imperme-
able to an injection needle, each of the one or more
injection needle access regions including a portion of the
rigid material defining an opening, the one or more
injection needle access regions arranged in a patient-
specific treatment pattern determined by a distribution
of facial lines or wrinkles on the patient’s face, and an
activatable injection event indicator associated with at
least one of the one or more injection needle access
regions;

activating the activatable injection event indicator during

insertion of the one or more injection needles through
the one or more injection needle access regions of the
personalized wearable injection guide; and

injecting at least one injectable agent through the one or

more injection needles into an underlying tissue of the
patient’s face in proximity to at least one of the facial
lines or wrinkles on the patient’s face.

22. The method of claim 21, further comprising:

inserting the one or more injection needles through at least

one of the one or more injection needle access regions at
an angle less than 90 degrees relative to the surface of the
personalized wearable injection guide, the at least one of
the one or more injection needle access regions includ-
ing a portion of the rigid material defining an opening
that transects the rigid material at an angle less than 90
degrees relative to an adjacent surface of the rigid mate-
rial.

23. The method of claim 21, wherein activating the acti-
vatable injection event indicator comprises:

activating at least one of a pressure sensitive material.

24. The method of claim 21, wherein activating the acti-
vatable injection event indicator comprises:

activating at least one of an oxygen-sensitive dye or a

moisture-sensitive dye.

25. The method of claim 21, wherein injecting the at least
one injectable agent through the one or more injection
needles into the underlying tissue of the patient’s face in
proximity to at least one of the facial lines or wrinkles on the
patient’s face comprises:

injecting at least one neurotoxin through the one or more

injection needles into the underlying tissue of the
patient’s face in proximity to at least one of the facial
lines or wrinkles on the patient’s face.

26. The method of claim 21, wherein injecting the at least
one injectable agent through the one or more injection
needles into the underlying tissue of the patient’s face in
proximity to at least one of the facial lines or wrinkles on the
patient’s face comprises:

injecting at least one of a subcutaneous volume enhancer or

a dermal filler through the one or more injection needles
into the underlying tissue of the patient’s face in prox-
imity to at least one of the facial lines or wrinkles on the
patient’s face.

27. The method of claim 21, further comprising:

aligning the personalized wearable injection guide with

one or more reference marks placed on a surface of the
patient’s face.
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28. The method of claim 21, further comprising:

aligning the personalized wearable injection guide with
one or more topographical landmarks of the patient’s
face.

29. The method of claim 21, further comprising:

immobilizing the personalized wearable injection guide on
the patient’s face with a reversible adhesive.

30. The method of claim 21, further comprising:

immobilizing the personalized wearable injection guide on
the patient’s face with one or more head-encircling
pieces.

31. The method of claim 21, further comprising:

releasing at least one of an analgesic, disinfectant, antisep-
tic, or therapeutic agent from at least one agent-contain-
ing reservoir associated with the rigid material of the
personalized wearable injection guide during insertion
of the one or more injection needles through the one or
more injection needle access regions.

32. The method of claim 21, further comprising:

altering the temperature of the personalized wearable
injection guide to a temperature above or below about
98.6 degrees Fahrenheit.
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